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Attempts to derive theoretical laws from changes in the death rate with 
age have a long history. They have not, in general, been very fruitful and there 
has been some hesitation in applying the technique to the study of cancer. 
Recently, however, two hypotheses about the mechanism of carcinogenesig have 


been put forward, which have been derived from analysis of cancer moftality 


statistics. Fisher and Hollomon (1951) used statistics from the United States 
for cancer of the stomach in women, and Nordling (1953), classing all sites together, 
used statistics for cancer in men from Britain, France, Norway and the U.S.A. 
Both found that, within the age group 25-74 years, the logarithm of the death 
rate increased in direct proportion to the logarithm of the age, but about six 
times as rapidly ; in other words, the death rate increased proportionally with 
the sixth power of the age. Death rates in some age groups under 25 years were 
higher than would be expected had this basis been a general law throughout life. 
Rates for the age groups above 75 years were considered unreliable and were 
excluded. 

In interpreting these observations, both assumed that mortality gave a good 
indication of incidence and treated the data as if they referred to age specific 
incidence rates. They considered that cancer in youth might be affected by 
special factors which were unlikely to operate at later ages and they, therefore, 
felt justified in basing their hypotheses on the data recorded for adults. 

Fisher and Hollomon (1951) pointed out that the observed relationship 
between age and mortality could result if a colony of six or seven cancer cells 
was a critical size below which independent growth was not sustained. This 
hypothesis, however, also leads to the conclusion that cancer incidence shoulc be 
proportional to the fifth or sixth power of the concentration of the effective 
carcinogen whereas experimental data suggest that, in general, tumour incidence 
and concentration of the carcinogen vary in arithmetical proportion. The 
hypothesis in its simple form is, therefore, untenable. 

Nordling (1953), on the other hand, suggested that the observed relationship 
would be explained if a cancer cell was the end-result of seven successive mutations. 
This hypothesis does not lead to the observed result in all circumstances. It 
does so only if the probability of occurrence of each mutation remains constant 
throughout life. In this case—and so long as the occurrence of each mutation 
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is a relatively rare event-—the incidence rate of cancer at age ¢ will be proportional 
to the probabilities of occurrence of each mutation per unit time and the sixth 
power of the age, 

i.e., rate = kp, 


k being a constant term (see Mathematical Appendix). The logarithm of the in- 
cidence rate will then be directly proportional to the logarithm of the age and will 
increase six times as rapidly, 


i.e., log rate = 6 log t + a constant. 


In contrast to Fisher and Hollomon’s (1951) hypothesis this leads to the conclu- 
sion that the final rate of tumour formation will be directly proportional to the 
concentration of an applied carcinogen, so long as the probability of occurrence 
of a mutation is proportional to the concentration of the carcinogenic factor and 
different factors are required to effect different mutations. 

In his analysis, Nordling (1953) grouped all types of cancer in men together 
and considered them as a whole. He gave no detailed figures for cancer in women, 
but stated that for cancer of the sex organs the increase in mortality was fairly 
small above the age of 45 and that for other sites the mortality seemed “‘ to increase 
according to the sixth power of the age both before and after the forties but not 
during the decade of the menopause when the increase is smaller.”” He considered 
that the entire increase with age in cancer incidence among adults was not wholly 
explicable by a mechanism of multiple mutations but that hormonal control of 
growth might play an independent part. The purpose of the present paper 
is to examine the relation between mortality and age for cancer of different sites 
for each sex and to see whether Nordling’s (1953) hypothesis can account for the 
data when it is recognized that the strength of the carcinogenic factors may be 
variable. It will, however, not be assumed that the successive cellular changes 
leading to the development of cancer are necessarily mutations (as was postulated 
by Nordling (1953)), since there is evidence that carcinogenic and mutagenic 
activity are not always identical (Berenblum and Shubik, 1949) and since the 
nature of the cellular change is irrelevant to the mathematical analysis. All 
that need be postulated is that the changes of state should be specific and 
discrete and that each stage should be stable. It will be assumed further that 
the changes must proceed in a unique order. 

Fig. 1-4 show the logarithms of the male and female death rates from cancer 
of the commonest sites in England and Wales in 1950 and 1951 (Registrar General, 
1952, 1953), plotted against the logarithms of the mid-points of the age groups. 
For each sex, all those sites are shown for which more than 1000 deaths were 
recorded in each of the two years. The rates are plotted for five-year age groups 
between the limits of 25 and 74 years. The rates for the first two or three age 
groups are less reliable than those for the subsequent ones since they are based 
on much smaller numbers, and both standard errors and (to a lesser extent) 
arithmetical errors are much larger. For example, the standard error of the 
death rate from gastric cancer in women is + 18 per cent of the rate for the 
first age group (25-29 years) and + 2 per cent of the rate for the last (70—74 years). 
That is to say, the logarithms of the true rates for these age groups are likely to 
lie within a range of + 0-13 and + 0-02 respectively of those shown in Fig. 1. 
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Straight lines with a gradient of 6 to 1 (i.e., 6 units increase in the logarithm of 
the death rate per unit increase in the logarithm of the age) have been drawn 
through each set of observations. From inspection of the graphs, it is seen that 
the different types of cancer fall into two main groups. In the first—composed 
of cancer of the oesophagus, stomach, colon, rectum and pancreas in men and of 
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colon and rectum is concerned, such a group is in fact found in subjects of polyposis 
coli. 


The actual regression coefficients for all the first group of cancers are shown in ns 
Table I; they vary from 4-97 to 6-48. All the mortality rates for this group, os 
therefore, show the same sort of association with age as was reported by Fisher 
and Hollomon (1951) and by Nordling (1953). The data can be said to accord with pr 
the theory that 6 or 7 successive changes in the cell are necessary before cancer ae 
appears as a clinical entity, so long as the probability of occurrence of each change fre 
Colon (M) Colon (F) 
153 153 
3-0 
= 2: 0 2: 0 = 
4 14 #%17 19" 14 #15 16 
i Fic. 2.—Change in mortality with age for cancer of the colon and rectum in men and 
a women, shown as in Fig. 1. 
4 TaBiE I.—Regression of the Logarithm of the Death Rate from Cancer ai 
: of Selected Sites on the Logarithm of the Age. of 
ion coefficient of of | 
Site of logarithm of death rate inf 
Sex. cancer. on logarithm of age. of | 
M. Oesophagus 6-26 te 
Stomach . 5-91 
Colon ; 5-18 pre 
Rectum 5-62 to 
Pancreas hy] 
5 site 
4: 
Rectum. Hes any 
Pancreas 6- 


~ 
18 


5 


A MULTI-STAGE THEORY OF CARCINOGENESIS 


is assumed to remain constant throughout life. It is notable that the cancers 
concerned are, in fact, those which are likely to be independent of hormonal 
control and—with the exception of cancer of the oesophagus—those for which 
no changing environmental factors have been suspected. 

In the second group of cancers—composed of cancer of the lung, bladder and 
prostate in men and cancer of the lung, breast, ovary and cervix and corpus 
uteri in women—the observations plotted in Fig. 3 and 4 diverge to a great extent 
from the hypothetical regression lines, wholly or in part. This group, however, 
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Fic. 3.—Change in mortality with age for cancer of the lung, bladder and prostate in men 
and for cancer of the lung in women, shown as in Fig. 1. 


consists of cancers for which there is already reason to believe that the strengths 
of some of the factors responsible for their development are variable. Cancers — 
of the prostate, breast, ovary, and cervix and corpus uteri are all believed to be 
influenced by endocrine secretions, which vary in each individual in the course 
of his life ; a proportion of the cases of cancer of the lung is believed to be related 
to cigarette smoking which has become more prevalent in the last 50 years and a 
proportion of the cases of cancer of the bladder is due to occupational hazards, 
to which men have been exposed for various periods at various ages. On the 
hypothesis that carcinogenesis is a multi-stage process, therefore, cancer at these 
sites would not be expected to show a uniform relationship between death rates and 
any power of the age. On the contrary, departures from the hypothetical lines 
such as are shown in Fig. 3 and 4 would necessarily occur. 
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The sort of irregularities to be expected will depend on the periods when 
the carcinogenic factors are most active and on which of the stages in the process 
of carcinogenesis are affected. For suppose that the probability, per unit time, 
of one particular change varies throughout the course of a lifetime, and that 
the probabilities of the other changes remain constant. In these circumstances, 
the incidence of cancer at any age will not, as might at first be thought, be propor- 
tional to the simple average of the varying probability, but will be proportional 
to a more complex variable depending on both the above-mentioned factors. 
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Fic. 4.—Change in mortality with age for cancer of the breast, ovary and cervix and 
corpus uteri in women, shown as in Fig. 1. 


Consider, for example, a varying rate of production of the first of a chain of seven 
changes. An increased rate of production for a short time during early life will 
provide a larger number of altered cells to be acted upon by other factors in the 
future, and will therefore appreciably affect the incidence at, say, age 60. The 
same increased rate of production of the first change applied for the same short 
period during middle age will, on the other hand, have little effect on the incidence 
at age 60, since there will be but little time left for the altered cells to be acted 
upon. 

Similarly, the incidence at age 60 will be negligibly affected by an increased 
rate of production of the sixth change in early life. It will, however, be 
considerably affected by the same change in middle age, when there will be a 
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much larger population of cells which have already experienced five changes and 
are therefore exposed to the risk of undergoing the sixth. 

It is shown in the Mathematical Appendix that the formula given above for 
the incidence at a given age, ¢, is still valid if, for the probability concerned, which 
was previously assumed to be constant and is now assumed to vary, we substitute 
a weighted mean of the probability from age 0 to age t. The weight depends 
both on the time of operation of the carcinogenic factor concerned and on the 
order of the cellular change which it affects. If ¢ is the age at which the cancer 
incidence is observed, ¢, the age at which the subjects are exposed to the factor, 
and s takes a value between 1 and 6 according as the change effected is the first, 
second, ... , or sixth, then the weight is proportional to 


(t 


Hence it can be shown that the weight by which a varying probability of the 
first mutation would be multiplied is highest at age 0 and decreases rapidly through- 
out life. The weight for the probability of the second change reaches its maximum 
one-fifth of the way through the exposure period; that for the third change, 
two-fifths of the way; and so on. For factors effecting the seventh change, 
the cancer incidence will be directly proportional to the rate of production of 
this change at the time of observation, and the previous behaviour of this rate will 
be irrelevant (i.e., will have zero weight). 

Since the weighted mean of the varying probability will in general depend on 
the age, t, the overall incidence at age ¢ is no longer proportional to the sixth power 
of t. The incidence will clearly rise more rapidly than the sixth power of t when- 
ever the weighted mean is increasing, and more slowly whenever the weighted 
mean is decreasing. The departures from the sixth-power law already noted 
for certain sites could be explained on this basis. The deficit in the mortality 
from cancer of the breast, ovary and cervix uteri in the older age groups (shown in 
Fig. 4) could, for instance, be attributed to a reduction, during middle age, in 
the rate of production of one of the late changes. (It may be noted that a similar 
reduction, during middle age, in the rate of production of an early change would 
have relatively little effect on the cancer incidence at ages within the span of 
human life, since the weighted mean would hardly be affected.) The extreme 
case in which mortality becomes constant after a certain period, as, for example, 
in cancer of the cervix after the age of 60, can be accounted for by a complete 
cessation of exposure to factors producing the sixth change. The increased 
gradient in the curve for cancer of the prostate (Fig. 3) can be attributed to an 
increase, during middle age, in the rate of production of one of the changes. Such 
an increase for a late change would be reflected in the mortality rates rising more 
sharply than would a similar increase for an early change ; it would be difficult, 
on the present data, to distinguish between the effects of a sharp increase in the 
rate of production of an early change and a smaller increase in that of a late 
change. 

The sites discussed above are those in which the production of cancer is believed 
to be influenced by endocrine secretions, which vary throughout the course of a 
lifetime. Lung cancer, on the other hand, is believed to be partly dependent 
on smoking habits which have changed from year to year. The deficit in mortality 
below that expected by the sixth-power law, which is shown in Fig. 3 to occur at 
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old ages, can be attributed to the fact that the populations concerned belong to 
generations which smoked fewer cigarettes than subsequent ones. If mortality 
at different ages is examined for cohorts born in different five-year periods, the 
effect disappears. 

The concept of carcinogenesis as a multi-stage process also makes it easy to 
understand the mechanism of the latent period which occurs after exposure to a 
carcinogenic agent before the appearance of a tumour. For example, Kennaway 
(1947) has demonstrated that circumcision deferred until the fourteenth year of 
life fails to give the complete protection against cancer of the penis that it provides 
when carried out on the eighth day ; in other words some change must take place 
within the first 14 years of life which eventually leads to the development of the 
disease after a latent period which may be as long as 70 years. From the data 
of Shrek and Lenowitz (1947), shown in Table II, the relative risks of developing 


TaBLE II.—Age at Circumcision in Patients with and without Carcinoma 
of the Penis. 


(After Shrek and Lenowitz, 1947.) 


No. of men circumcised at ages : 


Group. 0-5 yrs. 6-16 yrs. 17-35 yrs. 
White men with carcinoma of 
penis ‘ 0 
White “‘ controls 18 
Ratio between cancer omen 
and “ controls ” 0-00 0-50 0-71 


Estimated risks relative to risk 
among uncircumcised ° 0-00 0-67 0-96 


* The most appropriate control group of the groups cited by Lenowitz and Graham (1946) has 
been taken to be that of white men with other tumours, excluding “‘ veterans ” of World War II. 

Coloured men have been excluded from both groups, as the Sp neon phe in the two groups were 
dissimilar and it is likely that the incidence rates among white and coloured Americans are unequal. 


penile cancer when circumcision is cafried out at ages under 6 years, from 6 to 
16 years, from 17 to 35 years, and not at all, are estimated to be respectively 
0-00, 0-67, 0-96 and 1-00. On the hypothesis that penile cancer is the end-result 
of a series of seven successive cellular changes the first of which occurs only in 
the presence of the prepuce, it can be shown that at age 53 (the average age* of 
all the patients referred to in Table II) the relative risks of developing the disease 
when circumcision is carried out at the mid-points of Shrek and Lenowitz’s (1947) 
age periods are 0-30, 0-77, 0-98 and 1-00 (see Mathematical Appendix). Children 
circumcised during the first six years of life are, however, most likely to have 
been operated on within the first few weeks, in which case the theoretical risk for 
this group would be of the order of 0-01. The agreement between the observed 
and the calculated risks is close and, in view of the smallness of the numbers in 
the clinical series, must be largely coincidental. Nevertheless, it is fair to say 
that in this instance the data are consistent with the hypothesis. Another 
example may be the observation that early age at marriage has a predominating 
effect in the production of cancer of the cervix uteri (Lombard and Potter, 1950). 


* Calculated from data given by Lenowitz and Graham (1946) and Shrek and Lenowitz (1947). 
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A third, the observation of Case (personal communication) that in a group of 
patients with cancer of the bladder due to industrial hazards, the mean induction 
time of the tumours—measured from the start of the men’s exposure to the risk— 
was independent of the duration of the exposure. This becomes comprehensible 
if the industrial carcinogen is presumed to effect the first of a series of changes ; 
the effect of the first few years’ exposure would then be predominant and induction 
time and duration of exposure would appear to be largely independent. 

By this discussion it is not intended to suggest that our present findings prove 
that carcinogenesis is a seven-stage process. Firstly, the sixth-power relationship 
would result from a multi-stage process with less than seven stages, provided 
that the rate of occurrence of at least one of the changes is not constant, but 
increases in proportion to some power of the age. Secondly the relationship 
holds only over the limited age range of about 25 to 74 years. Whether it would 
be found to hold at higher ages if mortality data were more accurate is a matter 
for conjecture. On the other hand, if the present data were held to be equally 
accurate at all ages (including the oldest) it would be possible to obtain a quite 
different mathematical relationship. Thirdly, other mechanisms than that of 
a multi-stage process can also be postulated to account for the observed relation- 
ship—and one has, in fact, been suggested by Fisher and Hollomon (1951). 
Moreover, some other diseases show similar types of increase with age (e.g., cerebral 
haemorrhage, coronary thrombosis and gastric ulcer) and it is difficult to believe 
that they should all be dependent on the same type of mechanism. 

Berenblum and Shubik (1949), in summarizing the results of their experiments, 
have, however, stated that “‘ whatever interpretation is adopted as a base line for 
research, the recognition that carcinogenesis is at least a two-stage process, should 
invariably be borne in mind”. It is, therefore, natural to see whether a two- 
stage process—or even a more complex multi-stage one—can account for the 
human data. From the analysis that has been made here, it would seem that 
a complex process of perhaps six or seven stages could account for : 


(1) the rapid increase in mortality with age observed in cancer of some 
sites, and 

(2) the irregularity in the increase in cancer of some other sites ; 

(3) the long latent period observed after exposure to a carcinogen 
before a tumour develops:; 

(4) clinical observations such as the failure of circumcision carried out 
in adolescence to protect against cancer of the penis, and 

(5) the experimental finding that cancer incidence tends to be propor- 
tional to the concentration of the applied carcinogen. 


SUMMARY. 


The theory that human cancer is the end-result of several successive cellular 
changes is tested by examining the age specific mortality rates for 17 types of 
cancer. Qn the supposition that the carcinogenic factors responsible have 
“emained approximately constant over the past 75 years, the rates for cancer of 
‘he oesophagus, stomach, colon, rectum and pancreas in men and for cancer of 
the stomach, colon, rectum and pancreas in women accord, in general, with the 
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The mortality rates for cancer of the lung, bladder and prostate in men and 
for cancer of the lung, breast, ovary and cervix and corpus uteri in women also 
accord with the theory, if it is postulated that the carcinogenic factors responsible 
have varied in strength. 

A formula has been obtained which can be used to weight the strengths of 
the carcinogenic factors at different periods and it is shown that the time when the 
strength of the factors responsible for the individual changes is of greatest impor- 
tance varies according to which change in the series is affected. The conclusion 
provides a possible explanation for the observation that circumcision exerts an 
important protective effect against the development of cancer of the penis only 
if it be carried out early in life. 


We are most grateful to Dr. R. A. M. Case, Professor A. Haddow, Professor 
A. Bradford Hill, Dr. J. O. Irwin and Professor J. 8. Mitchell for their helpful 
comments and advice. 


MATHEMATICAL APPENDIX. 


Suppose that, when a cell (or its lineal descendants) has experienced exactly 
r — 1 changes, the probability of occurrence of the r™ change, in that line of 
descent, is p, per unit time. Then the probability that the r™ change occurs in 
the short time interval (¢, ¢ + dt) is, asymptotically, 


+--+ p,t 


ast-—>0O. This result will be valid for large values of ¢ (of the order of a human 
lifetime) provided that p,t, pot, ... , p,t are all sufficiently small (as could 
be assumed in an application of this theory to human cancer). 

The incidence rate per person is obtained by multiplying (1) by NV, the mean 
number of lines of descent per person. 

A rigorous proof of (1) is given by Armitage (1953); a simpler proof is as 
follows. If no restriction is placed on the order in which the changes are to 
occur, the probability that the first r — 1 changes occur sometime in the interval 
(0, t) will be 


(pyt)(Pot) (p,-st) = PiPe 


There are (r — 1)! possible orders in which these r — 1 changes could occur. 
Since each p is assumed to be very small, any change, if it occurs at all, will 
almost certainly occur once only. Furthermore, any change is equally likely to 
occur at any instant in the interval (0, t). Consequently, all the possible orders 
are equally likely, and any one order has a probability 


(r — 1)! 


In particular, this is the probability of the order in which we are particularly 
interested. Given that r — 1 changes have already occurred, the probability that 
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the r™ occurs in the small interval (¢,¢ + dt) is p,dt. Hence the total probability 
that the r® change occurs in (¢, ¢ + dt) is 


--- pe * 
(r — 1)! 


In the preceding argument we have assumed that all the p’s are constant. 
Suppose now that one of these values, say p,, varies with time. More precisely, 
we assume that the probability that the s‘® change occurs in the small interval 
(to, tg + dty), given that s — 1 changes have already occurred, is p,(ty) dty where 
p(t») is a function of ty. All the other p’s are assumed to be constant. Then 
the probability that the s™ change occurs in the interval (ty, t9 + dt), and the 
rth in the interval (¢, ¢ + dt), is the product of 


(i) the probability ag” exactly s — 1 changes occur in the interval 
(0, t9); thisisp, ... /(s — 1)!; 

(ii) the probability that, “given (i), the s® change occurs in (to, tg + dtg) ; 
this is p,(to) dt, ; 

and (iii) the probability that, given (ii), the r™ change occurs in 
(t,¢ + dt); this is — dt/(r —s — 1)!. 


Thus, the probability that the r™ change occurs in (t, ¢ +- dt) is 


t 


t 

=F — 1)! a Pelto) to? (t — to)’ dty 
0 


Pi +++ PorPslt) Port +++ Pryagy 
(r — 1)! 


where 7,(t) is the weighted mean of p,(t,)) during the period (0, t), the weight at 
time ty being proportional to 


wty) = (¢ — 


On substituting r = 7, we obtain the expression given earlier in the paper. 
It is easy to show that w(t,) is a maximum when ft, = (s — 1) t/(r — 2). 
Substituting r = 7 and s = 1, the maximum weight occurs when ty, = 0; this 
means that if p, changes with time, the incidence rate at any given age is pro- 
portional to the weighted mean of p, over the whole period of exposure, the 
weight being greatest near the beginning of the period. Similarly, substituting 
= 7 and s = 2, 3, 4, 5 and 6, we find that the maximum weight occurs when 
= t/5, 2t/5, 3t/5, 4t/5 and t, respectively. 

In applying this theory to the data of Lenowitz and Graham (1946) and 
Shrek and Lenowitz (1947), we must assume that the distribution of the ages at 
circumcision in the patients without penile cancer is representative of that in 
the population from which the penile cancer patients have been drawn ; on this 
assumption the data of Table II provide valid estimates of the relative risks of 
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penile cancer in the four groups. We shall ignore the variation in age amongst 
the patients, and consider the expected incidence of penile cancer at ¢t = 53 
years (the average age of all the patients referred to in Table II). We consider 
a theoretical model in which r = 7 and s = 1; and in which p, is constant for 
an uncircumcised person, but becomes zero as soon as circumcision is carried 
out. For each of the four age groups shown in Table II, we assume, for sim- 
plicity, that circumcision takes place at the mid-point of the group, i.e., at 3, 
11-5, 26-5 and 44-5 years, respectively. From the theoretical result proved 
above, the incidence at ¢ = 53 is proportional to the weighted mean of p, over 
the period of exposure, the weight corresponding to exposure at age t, being 
(53 —t,)®. The incidences for the four groups are therefore proportional 
to 


T 
(53 — dtp = 4{(53)* — (53 — TY}, 
0 


where 7' is the mid-point of each group. Using the values of 7' given above, the 
incidences are found to be proportional to 0-30, 0-77, 0-98 and 1-00. 

A more realistic assumption would be that the men in the first group were 
almost all circumcised within the first few weeks of life; on this assumption 
the theoretical risk for this group would clearly be very small. 
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THE present paper is part of a research programme on aetiological factors 
in lung cancer, which is currently being carried out at the University Institute 
for General and Experimental Pathology in Oslo. 

A study of the smoking habits of lung cancer patients for the purpose of 
ascertaining the rdle of tobacco as a causative factor poses the problem of obtain- 
ing an adequate control material. For a number of reasons discussed below it 
was found that to launch a control study proper at the present stage of the 
research would entail considerable practical difficulties and, above all, so many 
unknown factors, as to render its value as a basis for detailed statistical compu- 
tation highly doubtful. It was decided, therefore, preliminarily to assemble 
available data on tobacco consumption in this country and to collect information 
on the smoking habits of geographically and occupationally distinct groups of 
the population as a pilot investigation for more solidly founded control studies 
which might be required at a later stage of the research programme, and as a 
provisional background for an evaluation of the smoking habits of lung cancer 
patients. It was felt that such a procedure, furthermore, would be likely to 
reveal any grossly excessive smoking that might be present among lung cancer 
patients, even if, at any specified level of probability, nothing definite could be 
said about the significance of differences found. 

When the cancer producing effect of an environmental factor, such as tobacco 
smoking, is studied by comparing the smoking habits of cancer patients with 
those of a control material, the latter must satisfy specific requirements if valid 
quantitative conclusions are to be reached. In the strictest sense these require- 
ments include the absence of lung cancer in the control material. However, 
so long as the incidence of lung cancer is small in all population groups (not selected 
according to whether lung cancer is present or not), the presence of concealed and 
potential lung cancer in the control material, which hardly can be avoided in 
practical applications, will not influence the results materially, and may probably 
be disregarded. This problem will not be dwelt upon in the present discussion ; 
individuals without diagnosed lung cancer will, in fact, be considered as non lung 
cancer cases. 

More formidable difficulties are encountered in satisfying the following criteria : 
(a) the control material should correspond to the cancer patient group with 
respect to all factors associated both with the incidence of lung cancer and with 
the level of smoking, (b) the control material should not be selected according 
to any other factor, unrelated to the incidence of cancer, absent in the cancer 
patient group, which is associated with the level of smoking. 

These requirements are not likely te be satisfied in any actual control study 
for the reason that the relevant factors largely are unknown. Even if corre- 
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spondence is established between the patient group and the control material with 
regard to such factors as age and sex composition, distribution of broad occupa- 
tional groups and place of residence, which may influence smoking habits and/or 
lung cancer frequency, and a large number of factors clearly may be considered 
irrelevant, a field of uncertainty of considerable extent still remains. 

Two points of practical importance emerge from the above discussion. The 
first is that control material consisting of non lung cancer cases among patients in 
a chest department, or even among hospital patients generally, may introduce a 
bias if, for instance, the factor “ visiting a chest department for reasons other 
than lung cancer ’’—present in a control material but not among the lung cancer 
patients—is associated with the level of tobacco smoking. There may thus be a 
tendency towards excessive smoking in such a control material, or patients in 
chest departments may on the contrary tend to be persons whose reaction 
even to mild forms of chest trouble is a visit to the hospital, and who are careful 
not to expose themselves to irritants such as tobacco. If both these tendencies 
are present among the patients, they may neutralize each other, but the net 
result will obviously depend on their relative occurrence in the control material. 
Similar objections may be brought against the use of hospital patients generally 
as control material. This point has been stressed by Mills and Porter (1953) 
who believe that the bias probably will obscure an excess of smoking among 
lung cancer cases. At least, it is not established that hospital patients do not 
differ systematically from the general population with regard to smoking habits. 

The second point to be made is that a careful survey of all possible cancer 
producing factors must precede the instigation of a control study, and that 
preliminary surveys are needed to establish the relationships between these 
factors and the level of tobacco smoking. 

There is thus a priori reason to consider the need for relevant definitions and 
differentiation of occupational groups among the cancer patients as well as in the 
control material, in view of the frequently indicated possibilities of specific occupa- 
tional hazards with respect to lung cancer. Assume, for instance, that a particular 
type of industrial occupation has a definite but unrecognized excess incidence of 
lung cancer, and that the carcinogenic agent is connected with the nature of the 
work. Assume further that this particular occupation also is associated with an 
excess of tabocco smoking, because of higher pay, better opportunities of smoking 
during working hours, psychological stress or other causes. If the occupational 
selection criteriz are such that this occupation does not explicitly constitute a 
stratum in the control material it may be under-represented in a control material 
with random selection within each stratum, and the controls may, for the separate 
occupational groups and in toto, show a lower smoking level than the cancer 
patient group. Such a difference will clearly be misleading for an evaluation of 
the carcinogenic effect of tobacco smoking. If, on the other hand, the particular 
occupation in our example is associated with an exceptionally low smoking 
level, a possibly significant excess smoking in the cancer patient group may be 
obscured. An example of such possibilities has been demonstrated, among 
others by Kennaway and Kennaway (1947), as regards lung carcinoma in coal 
miners. 

It would appear that extensive research is called for to establish relevant 
definitions of occupational groups and the relationship between tobacco smoking 


and possible cancer producing types of occupation. 
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Trends in Norwegian Tobacco Consumption. 


An indicator of tobacco consumption going back to the last century are the 
yearly imports of raw tobacco. These import quantities, which fairly accurately 
correspond to the amount of tobacco actually used in internal production, have a 
remarkably constant trend during the period from 1901 to 1940 when calculated 
per person 15 years and older in the population. After the last world war the 
level is about one-third higher. In Fig. 1 the solid line represent imports of raw 
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Fic. 1.—Imports of tobacco leaf and quantity of tobacco smoked. 


Yearly imports of tobacco leaf in tons. 
— — — — Population, 15 years and older. 
Tobacco smoked per year in tons. 


tobacco in tons per year, and the heavy dotted line the population 15 years and 
older. The scales are adjusted so that constant imports at the 1901-level, 
per persons 15 years and older, would have coincided with the population curve. 
In view of the fact that net imports of finished tobacco products have been of 
negligible importance since the 1920’s and that they, at the beginning of the period 
under consideration, played a greater réle, it may be concluded that the total 
tobacco consumption per person 15 years and older, during the period after 1900, 
has not shown any sharp or substantial increases before the recent post-war 
years. This stability even seems to extend as far back as about 1865. 

This, however, does not permit the conclusion that the quantity of tobacco 
actually smoked has been equally constant. Relatively complete data on the 
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composition of tobacco consumption are available only after 1927. Since then, 
tobacco smoked, i.e., cigars, cigarettes and pipe tobacco, has accounted for a 
steadily increasing proportion of the total tobacco consumption at the expense 
of chewing tobacco and snuff, as shown in Fig. 1, where the dotted line represents 
the amounts smoked, in tons per year. The amount smoked is here calculated 
as production plus imports minus exports of cigars, cigarettes and pipe tobacco. 
Year to year inventory changes have not been corrected for. These changes will 
be small, however, and without influence on the trend, even if the yearly figures 
may contain erratic deviations from the true consumption level. It should be 
permissible to assume that chewing tobacco and snuff played a greater réle before 
1927. Even if some of the chewing tobacco in fact has been smoked in pipe, 
it is reasonable to assume that the amount of tobacco smoked, per person 15 years 
and older, has increased to some extent during the whole period from 1901 to 1940. 
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Fic. 2.—Consumption of smoking tobacco in grams per person 15 years and older. 


After the last world war the yearly amount of tobacco smoked, i.e., cigars, 
cigarettes and pipe tobacco, has reached a level of approximately 1650 g. per 
person 15 years and older, or some 40 per cent above the immediate pre-war 
level, as shown in Fig. 2. This is considerably less than the per capita figures 
for tobacco consumption, for instance in Great Britain or Switzerland, quoted 
by Daff, Doll and Kennaway (1951) and for the Netherlands quoted by Korteweg 
(1953). Since 1947 there has been a slightly decreasing tendency. 

The distribution of the tobacco smoked on the three types : cigars, cigarettes 
and pipe tobacco is known only for the years after 1927. The percentage distri- 
bution by weight is shown in Fig. 3 for 1928-29, 1937-39 and the post-war years. 
The black parts of the columns represent the proportion of ready made cigarettes, 
which was 34-7 per cent in 1928, rose to 42-9 per cent in 1947 and has since 
declined to 35-8 per cent in 1951. On the basis of sales tax returns for cigarette 
paper sold, it is possible to estimate the consumption of hand-rolled cigarettes 
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(the heavily shaded parts of the columns). Altogether total cigarette consumption, 
which accounted for 35-0 per cent of the total smoked in 1928 rose to 56-1 
per cent in 1950 and has since fallen slightly to 53-2 per cent in 1951. Although 
the estimates concerning hand-rolled cigarettes are uncertain, there has doubtless 
been an increase in the relative share of cigarettes in tobacco smoked, particularly 
after the war, and this increase is almost wholly due to the greater prevalence 
of hand-rolling. It is reasonable to assume that the share of cigarettes increased 
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Fic. 3.—Composition of smoking tobacco consumption in Norway. 
Cigars. 
Pipe 
Hand-rolled cigarettes 
Manufactured cigarettes. 


even between1901 and 1927 (for instance in 1909 cigarettes accounted for ap- 
proximately 10 per cent of the internal tobacco production), but the information 
is too incomplete to establish the pattern of growth during this period. 

The consumption share of cigars, represented by the vertically shaded top 
part of the column, the rest being pipe tobacco consumption, has been small 
after 1927 and has declined from 4-5 per cent in 1928 to 1-0 per cent in 1951. 
Just after the turn of the century, however, cigars seem to have played a greater 
réle ; in 1909, for instance, cigars accounted for some 15-20 per cent of the internal 
production. 


2 


| | | 
| SU | 
N 
3 
3 
3 


18 H. J. A. KREYBERG 


Whereas total tobacco consumption per person 15 years and older thus gener- 
ally remained stable between 1901 and 1940, there was an increase in the amount 
smoked. Since the last world war smoking has reached a new and higher level, 
with a marked increase in the relative share of cigarettes, mainly caused . an 
increase in hand-rolling. 


Smoking Habits in Certain Population Groups. 


The material analysed consists of questionnaires on smoking habits returned 
from a number of geographically and occupationally distinct groups in the 
population. The questionnaire has been practically identical with that used by 
Kennaway and Doll. The total material is distributed as follows among the 
separate groups. (See also tables in the Appendix.) 


Males. 


Group. 
. Industrial workers, Oslo (shipbuilding) 
. Industrial workers, Sér-Varanger (several trades) 
. Industrial workers, Kongsberg (arms 
. Physicians, whole country. . 
. General Hospital patients, mainly rural 
. Patients and followers, Oslo City 1 First Aid Station . 
. Patients, Ear-Nose-Throat Department, the Rikshospital (whole ‘country) 


Total 


Females. 


Group 

1. Industrial workers, Oslo (chocolate memes 

2. Physicians, whole country 

3. General hospital patients, mainly rural. 

4. Patients and followers, Oslo City First Aid Station 

5. Patients, Ear-Nose-Throat Department, the Rikshospital (whole country) 


Total 


Kongsberg is a small industrial town in central southern Norway, Sér-Varanger (Kirkenes) a 
small industrial and mining community (iron-ore) in the extreme north. 


In the Groups 1, 3, 4 and 5 among the males and 1, 2 and 3 among the females 
the number of returned questionnaires falls substantially short of the total number 
of individuals in the groups selected. The questionnaires were filled in by the 
members of these groups themselves and the degree of co-operation varied con- 
siderably. However, in the case of the patients and followers (friends or relatives 
who accompanied them) at the Oslo First Aid Station and the patients at the 
Ear-Nose-Throat Department at the Rikshospital all questionnaires were filled 
in by one interviewer who approached all patients and/or followers reporting at 
these two institutions during the periods when he was present (in July 1953). 
The number of refusals was negligible in both cases, and the possibility of a bias 
in these groups caused by systematic differences in the smoking habits between 
persons willing to give information and those unwilling to do so, can be excluded. 
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This is also the case in Group 2 among the males, in which the coverage was 
practically complete. On the other hand an unknown bias may be present in 
the other groups, caused by varying degrees of co-operation. 


Definitions. 

Each of the above-mentioned groups were divided into age-classes with a 
class interval of 10 years. The age distribution of the separate groups is given in 
Appendix Tables III and IV. For each group and age-class the percentage 
incidence of each of the following were computed. 


For males : 


1, Smokers. 

2. Pure cigarette smokers. 

3. Pure and mixed cigarette smokers. 

4. Heavy smokers. 

5. Heavy and medium smokers. 

6. Heavy pure cigarette smokers. 

7. Heavy and medium pure cigarette smokers. 


For females : 


1. Smokers. 
2. Heavy smokers. 
3. Heavy and medium smokers. 


The term smoker designates a person who has smoked as much as | g. of tobacco 
(in any form) daily for at least 1 year. A pure cigarette smoker is a smoker 
whose consumption of tobacco smoked other than cigarettes, is insufficient alone 
to establish him as a smoker. A mixed cigarette smoker is any smoker who 
is not a pure cigarette smoker, but whose consumption of cigarettes alone is 
sufficient to establish him as a smoker. Heavy smokers are all smokers whose 
daily consumption is 25 g. or more. Heavy and medium smokers are all smokers 
whose daily consumption is 15 g. or more. One cigarette is conventionally set 
equal to 1 g. No differentiation has been made between hand-rolled and manu- 
factured cigarettes. One cigar is counted as 5 g. The amount of pipe tobacco 
smoked is usually in the returned questionnaires stated as grams (or number of 
packages, each 50 g.) per week. In the case of females, smokers are synonymous 
with pure cigarette smokers throughout. There were only three cases altogether 
of women (all doctors), who had at some time or other smoked cigars and/or 
pipe in addition to cigarettes, and these have been counted as pure cigarette 
smokers. 

The percentage distributions according to the criteria listed above are given 
in Appendix Tables V-XIV. In the following pages summary graphs and a brief 
commentary on the distribution according to the separate smoking habit criteria 
will be given. The shaded areas of the graphs indicate the range of variation 
found between the groups for each of the criteria listed. The upper boundary 
thus connects the maximum values found in each age-class and the lower, similarly, 
the minimum values. All percentages based on less than 15 observations, given 
in brackets in the Appendix Tables, have however, been excluded in the graphs. 
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Per cent smokers. Males. 


In Fig. 4 is shown the range of variation found for the frequency of smokers 
in each age-class among the groups investigated. It will be noted that this 
range is fairly narrow, especially in the age-class 45-54 years in which the lowest 
percentage smokers (found among the visitors at the Oslo First Aid Station) is 
83-5 and the highest (among industrial workers, Oslo) is 91-9. The character- 
istic age variation in the percentage smokers in an increase up to the age-class 


Percent 
100 


20 30 40 «+50 60 7 80 
Age 
Fic. 4.—Percentage of smokers in the various age-groups. Males. 


25-34 years, a relative stability up to the age-class 55-64 years, and a moderate 
decline through the higher age-classes. This decline, however, is absent among 
the patients at the Rikshospital Ear-Nose-Throat Department, and not very 
pronounced among the physicians. The latter group, on the other hand, reaches 
its highest frequency at a later age than most of the other groups. Generally 
the percentage smokers is lower among industrial workers in Kongsberg, than 
in the other groups. 


Per cent pure cigarette smokers. Males. 


As shown in Fig. 5 we find a very wide range of variation for the occurrence 
of pure cigarette smokers in the material, especially in the lower age-classes. 
Among the industrial workers in Kongsberg in the age-class 25-34 years only 
28-4 per cent smoke cigarettes exclusively, whereas 75-9 per cent of their 
colleagues in Sér-Varanger do so. The decline in the percentage pure cigarette 
smokers with increasing age is characteristic of all the groups investigated. 
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Per cent pure and mixed cigarette smokers. Males. 


The pattern shown in Fig. 6 is similar to that found for the percentage pure 
cigarette smokers, but the level has been shifted upwards and the range is a little 
less wide, corresponding to the tendency for the cigarette—pipe smoker combina- 
tion to be more frequent in groups with relatively few pure cigarette smokers 
than in those with a high pure cigarette smoker percentage. The industrial 
workers in Kongsberg also in this case display the lowest percentages in most 
age-classes. 
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Fic. 5.—Percentage of pure cigarette smokers in the various age-groups. Males. 


Per cent heavy smokers. Males. 

The frequency of heavy smokers as shown in Fig. 7 is moderate in all groups 
and all age-classes, and the range of variation is generally between 0 and 10 per 
cent. Only in the age-class 45-54 there is no group without heavy smokers, 
the lowest percentage being 1-2 (among industrial workers, Kongsberg). It might 
be noted that the exceptional peak of 17 - 9 per cent heavy smokers among patients 
and followers at the Oslo First Aid Station, in the age-class 65-74 years is based 
on a fairly small number of observations (28). 


Per cent heavy and medium smokers. Males. 


As shown in Fig. 8 the range of variation in the percentage medium and 
heavy smokers is large in all age classes, but the frequency does in no case 
exceed 50 per cent. The frequencies found among industrial workers, Kongs- 
berg, are generally substantially below those of the other groups. In all groups 
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there is a tendency for the percentage heavy and medium smokers to fall through 
the higher age-classes, whereas the percentage heavy smokers (Fig. 7) does not 
exhibit this decline. 


Per cent heavy pure cigarette smokers. Males. 

The frequency of heavy pure cigarette smokers shown in Fig. 9 presents 
largely the same picture as the percentage heavy smokers (Fig. 7), the level, 
however, is lower, corresponding to the fact that part of the heavy smoking falls 
on categories other than pure cigarettes, and there is a marked decline in the 
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Fic. 6.—Percentage of pure and mixed cigarette smokers in the various age-groups. Males. 


higher age-classes reflecting the lower frequency of pure cigarette smokers 
generally in these age-classes. In all groups there are age-classes without heavy 
pure cigarette smokers, but also by this criterion the industrial workers, Kongs- 
berg, are exceptional, having only 0-8 per cent heavy pure cigarette smokers in 
the age-class 35-44 years and none in the other age-classes. 


Per cent heavy and medium pure cigarette smokers. Males. 

The level and variation of these percentages shown in Fig. 10 bear about the 
same relationship to the percentage heavy and medium smokers (Fig. 8) as the 
percentages given in Fig. 9 bear to those of Fig. 7. It is worth noticing that the 
frequency of persons smoking cigarettes at a rate of 15 or more per day only 
in one case exceeds 30 per cent (among 45—54-years-old patients at the Riks- 
hospital Ear-Nose-Throat Department), and that the percentage heavy and 


. 
: 
4 
= 
| 


TOBACCO SMOKING IN NORWAY 


wil 


“2 30 40 50 60 7 80 
Age 


Fic. 7.—Percentage of heavy smokers in the various age-groups. Males. 


Per cent 
10 


2 63006 «50 660 
Age 


Fic. 8.—Percentage of heavy and medium smokers in the various age-groups. Males. 
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Fic. 9.—Percentage of heavy pure cigarette smokers in the various age-groups. Males. 
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Fic. 10.—Percentage of heavy and medium pure cigarette smokers in the various age-groups. 
Males. 
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medium pure cigarette smokers generally is less that 25 per cent. As usual the 
percentages among the industrial workers in Kongsberg are found in the lower 


range. 


Per cent smokers. Females. 

As shown in Fig. 11 the frequency of smokers in the various groups of women 
varies widely. Among the industrial workers, Oslo, the general hospital patients 
and the patients and followers at the Oslo First Aid Station, the percentage of 
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Fic. 11.—Percentage of smokers in the various age-groups. Females. 


smokers declines markedly with increasing age. Among the physicians, however, 
the percentage has no pronounced systematic age-variation. 


Per cent heavy smokers. Females. 

Heavy smoking as shown in Fig. 12 is very rare among women, occurring only 
among physicians and the patients and followers at the Oslo First Aid Station, 
in the age-classes 35-54 years, with frequencies ranging from 1-4 per cent to 2-3. 


Per cent heavy and medium smokers. Females. 

This percentage, given in Fig. 13, never exceeds 13-5 (among physicians in 
the age-class 35-44) and is generally substantially lower. The maximum frequen- 
cies are in all groups found in the lower and middle age-classes. 
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Fic. 12.—Percentage of heavy smokers in the various age-groups. Females. 


Fic. 13.—Percentage of heavy and medium smokers in the various age-groups. Females. 
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DISCUSSION. 


The most striking impression conveyed by the graphs above and the corre- 
sponding Appendix Tables is the rather wide range of variation found for most 
of the smoking habit criteria listed. How much of this variation is real, i.e., 
caused by actual differences in smoking habits in the groups under consideration, 
and how much may be caused by a systematic bias in those groups whose 
degree of co-operation in returning questionnaires was low, cannot be decided 
on the basis of available information. The question is of considerable interest 
however, since for most of the smoking habit criteria, the range of variation 
among males would narrow considerably if the figures for the industrial workers 
in Kongsberg are left out. This group comprises questionnaires from only a part 
of the total number of workers in the arms factory selected for analysis, and if it 
could be shown that the degree of co-operation in this group is systematically 
related to smoking habits, the deviations shown would not reflect a true difference 
in smoking habits between these factory workers and the other groups. 

There are, however, certain indications that part of the difference at least 
between the Kongsberg workers and the other male groups is real. First of all 
the percentage smokers in this group (Appendix Table V) are not substantially 
below those of the other groups. Even if there is a tendency for smokers to be 
under-represented among those workers who answered the questionnaire, such 
a bias can not account for the very low percentages pure and pure and mixed 
cigarette smokers found in the Kongsberg group, and is not likely to explain 
entirely the low percentages found for the quantitative criteria (per cent heavy 
and per cent heavy and medium smokers). Secondly, groups other than the 
Kongsberg workers have failed to co-operate fully, without any resulting system- 
atic deviation from the complete groups. An explanation of the result for the 
Kongsberg group in terms of a systematic bias, would thus imply that this bias 
was a characteristic of the Kongsberg workers but not of the others. Thirdly, 
the material from the male physicians seems to indicate that there is no strong 
tendency that individuals who fail to fill a questionaire deviate appreciably in 
their smoking habits from those who co-operate readily. The male physicians 
originally returned 1,736 questionnaires. A new questionnaire was sent out ap- 
proximately a year later with an appeal to those who had not answered previously 
to do so now. This appeal resulted in 601 new questionnaires which were 
added to the old material. Analysed separately, however, the two groups showed 
the following figures for the separate smoking habit criteria. 

There is thus cause to believe that the range of variation found in the material 
largely reflects real differences in smoking habits. 

Special mention may be made of the male group of patients at the Riks- 
hospital Ear-Nose-Throat Department which displays exceptionally low per- 
centages heavy and heavy and medium smokers (both generally and cigarette) 
in the lower age-classes and rather high percentages in the higher age-classes. 
The material is, however, too small to permit any conclusion as to whether or 
not this reflects a characteristic pattern in this group. 


CONCLUSION 


As was pointed out initially, the present study has been undertaken in order 
to provide background information on factors which must be taken into con- 
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TaBLE I.—Comparison Between the Smoking Habits of Male Physicians Returning 
Questionnaires upon the First Appeal (Series A) and of those Answering 
only the Second Appeal (Series B). 
Age in years. 
Smoking habit criterion. “15-24. 25-34. 35-44. 45-54. 55-64. 65-74. 75-84. 85- 
457 153 60s 47 6 
148 2 
89-1 92-2 80-9 (100-0) 
93-2 94-4 93-3 (100-0) 
48-6 32-0 (0-0) 
57-4 42-6 (0-0) 
69-8 52-9 (0-0) 
(0-0) 
(0-0) 
(0-0) 
(16-7) 
(50-0) 
(0-0) 
(0-0) 
(0-0) 
(0-0) 


Age distribution 


Per cent smokers ‘ { 


Per cent pure cigarette 
smokers 


Per cent pure and { 


a8 
2$ 


mixed cigarette 
smokers 


w 
wwe 


Per cent heavy smokers { 


Per cent heavy and 
medium smokers 
Per cent heavy pure 
cigarette smokers 
Per cent heavy and 
medium pure cigar- 

ette smokers 


wr 
oe $5 


2S 
ow oo of COS 


NO hh CG OM 


BS ow SS we 


sideration when designing a retrospective control study on smoking habits and 
the incidence of lung cancer. 

The age variation within the groups and the rather wide range of variation 
between groups in most age-classes and for nearly all the smoking habit criteria 
discussed show that great care should be taken when carrying out control studies, 
to ensure correspondence between the lung cancer material and control material 
with respect to such characteristics as age, sex, occupation and place of residence. 
It should be stressed that a stratification according to broad occupational groups 
and geographic divisions is insufficient, thus both the Sér-Varanger and the Kongs- 
berg groups fall within a category defined by “industrial workers”, “‘ small urban 
community’, but the differences in smoking habits between them are considerable. 
Further investigations are indicated to establish the variation of smoking habits 
with characteristics not explicitly studied here. 

Although the present material may not be used for quantitative statements 
about the significance of differences that may be found between the smoking 
habits of lung cancer patients and those of the groups analysed above, a provi- 
sional indication of an association between tobacco smoking and lung cancer 
may be inferred from observations in a lung cancer material lying entirely outside 
the range of variation exhibited by the present material. 

The low frequency of smokers in the higher age-classes among most groups 
of women may indicate that smoking is a relatively recently acquired habit in 
these groups. That the tendency for the percentage smokers to fall with increas- 
ing age is far less pronounced among female physicians corresponds to the gener- 
ally accepted conception that ‘‘ emancipation’ and “ equalization with men” 
among professional women occurred at an historically earlier period than among 
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other groups of women. This age pattern may thus indicate that the increase 
in the quantity of tobacco smoked per person 15 years and older, which was found 
for the period after 1928, at least partly is caused by an increasing number of 
smokers in the adult population, rather than by an increase in the tobacco con- 
sumption per smoker. ° 


SUMMARY. 


The present study is part of the research on aetiological factors in lung cancer 
of the University Institute for General and Experimental Pathology, Oslo. It 
was felt that present knowledge of the relevant factors was too incomplete to 
permit a quantitative assessment of tobacco smoking as a cancer producing agent, 
by means of a retrospective control study proper. It was decided instead to 
carry out a background study of smoking habits in Norway. 

An analysis of available statistical material showed that total tobacco con- 
sumption per adult in this country remained stable during the four decades preced- 
ing the last war, but increased to a new level approximately one-third above the 
old during the years after the last world war. The amount of tobacco smoked 
rather than being used as snuff or for chewing has, however, increased steadily 
at least since 1928. In 1951 the average consumption per adult was approxi- 
mately 1620 g. per year. The relative consumption of cigarettes has increased 
from about one-third of the tobacco smoked before the war to slightly more than 
one-half during the post-war years, mainly because of an increase in hand- 
rolling. 

On the basis of questionnaires returned by 4717 males in 7, and 1049 females 
in 5 different geographical and/or occupational groups, the age pattern and 
intergroup-variation of the following smoking habit criteria were studied: per 
cent smokers, per cent pure cigarette smokers, per cent pure and mixed cigarette 
smokers, per cent heavy smokers, per cent heavy and medium smokers, per cent 
heavy pure cigarette smokers, per cent heavy and medium pure cigarette smokers. 
It was found that heavy smoking (more than 25 g. per day) is relatively infrequent 
in all groups and that cigarette smoking usually is most frequent in the younger 
age-classes. Female smokers—who for all practical purposes can be considered 
as pure cigarette smokers—are most frequent in the younger age-classes, whereas 
smoking among men is as frequent among the old as among the young. For most 
of the criteria studied the variation between the groups was considerable. 

It was concluded that the variation found between the various groups indicates 
that great care should be taken in retrospective control studies designed to 
measure the association between tobacco smoking and lung cancer, to ensure 
correspondence between the control material and the lung cancer material with 
regard to sex, age, occupation and place of residence and that further studies are 
called for to find other factors associated with tobacco smoking. The present 
study may serve as a basis of comparison with the smoking habits of lung cancer 
patients, in the sense that findings generally outside the range of variation exhibi- 
ted by the present material would be indicative of real deviations in the smoking 
habits of lung cancer patients, but quantitative statements about differences 
found cannot be inferred. 

The low frequency of smokers in the higher age-classes among most groups 
of women may indicate that the increasing trend in total tobacco consumption 
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per adult since 1928 partly may be caused by an increasing number of smokers in 
the population, rather than by increased consumption per smoker. 


This study has been supported by a generous grant from “ Tobaksfabrikernes 
Landsforening av 1901”’. 
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APPENDIX TABLES. 
The separate groups are numbered throughout as in the list on p. 18. 
Explanation of Symbols. 


— No observation 
.- Not applicable 
( ) Percentage within brackets based on less than 15 observations. 


ApPpEeNDIx TABLE I. 


Yearly imports . Population 
of tobacco (15 years 
leaf (tons). and older). 


1,865 + 1,452,687 


3 


1,802,370 


2,314 


. 
19 
19 
19 
19 
is 
19. 
19. 
19. 
19. 
194 
194 
194 
196 
198 
1000. 
1901 . : 
1902 . 1,843 
1903. 1,750 ‘ Gre 
1904. 1,295 
1905. 1,341 : | 
1906 . 1,582 | 
1907. 1,759 ‘ 
1908 . 1,655 
1910. 1,879 | 
19il . 1,692 — 
1915. 2,082 
1916. 2,346 — 
1917 . 2,277 — 
1919. 
1920 . 3,115 
1921 . 2,154 : Gro 
1922 . 2,374 
1923. 2,696 — ‘ 
1927 . . 
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ApPpENDIXx TaBLeE II. 


Percentage distribution of 
quantity of tobacco smoked. 
Yearly Quantity Quantity — 
imports of tobacco of tobacco Manufac- Hand- Population 
of tobacco smoked per smoked per tured rolled Pipe (15 years 

Year. leaf (tons). year (tons). adult (g.). Cigars. cigarettes cigarettes tobacco. and older). 
1928 2,363 . 1,630 . 828 . 4:47 34-71 0-25 60-57 . 1,967,662 
1929 2,510 1,739 . 874 . 4-14 35-52 0-29 60-05 . 1,989,377 
1930 2,476 1,902 945 . — 2,013,308 
1931 3,024 . 1,888 925 2,040,687 
1932 - 2,286 . 1,883 909 2,070,933 
1933 2,235 . 1,928 . 917. 2,101,863 
1934 2,451 . 2,026 952 2,128,511 
1935 2,621 . 2,147 996 2,165,016 
1936 2,821 . 2,334 1,063 2,195,675 
1937 2,898 . 2,556 1,149 3-75 37-80 1-82 56-63 2,224,785 
1938 2,869 . 2,625 1,165 3-77 36-81 2-27 57-15 2,253,642 
1939 3,768 . 2,869 1,259 3-51 36-64 3-28 56-57 2,279,278 
1945 3,097 . 1,524 637 2,391,293 
1946 4,341 . 3,732 1,514 0-89 40-94 9-65 48-52 2,465,450 
1947 4,134 . 4,295 1,738 1-34 42-94 8-04 47-68 2,421,551 
1948 4,063 . 4,125 . 1,666 1-32 40-48 6-57 51-63 2,475,480 
1949 4,342 . 4,132 1,668 1-39 39-12 15-88 43-61 2,476,278 
1950 3,735 . 4,001 1,616 1-20 37-77 18-37 42-66 2,476,000 
1951 3,788 . 4,003 1,617 0-99 35 17-41 45-77 . 2,476,312 


22 
97 
38 


NAO 


18 


Group. 15-24. 


27 65 62 36 13 1 231 
199 165 133 78 23 1 696 
116 127 82 64 10 - 440 

2 


1. 


2 
3 
4 
5 


— 
Group. 15-24. 
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AppEeNDIx TaBLE III.—Age Distribution. Males. 
Age in years. on 
35-44. 45-54. 55-64. 65-74. 75-84. 85-. stated. Total. 
9 
; 63 52 36 37 17 4 -.- . @ 
. 98 183 187 121 77 28 4 1 - . 
~ = 16 25 19 16 9 2 -.- . 18 
ApprenpiIx TaBLE IV.—Age Distribution. Females. 
Age in years. 
M2534. 35-44. 45-54. 55-64. 65-74. 75-84. 85-. stated. Total. 
53 29 47 21 2 - -.3 . 
a 46 52 43 20 4 - -.- . 18 
; 119 51 38 46 29 6 -.-. @ 
. 56 53 72 61 40 15 4 -.- . 
9 13 16 2 2 -.- . 8 
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ApPpeNDIx TABLE V.—Per Cent Smokers. Males. 
Age in years. 


Group. 15-24. " . 45-54. 55-64. 65-74. 75-84. 
77°3 2: . . 83-3 (84-6) (0-0) 
72-2 2- . . 80-8 78-3 (100-0) 
57°9 . . 75-0 (80-0) .. 
(33-3) . 2: . 92-8 89-7 83-9 (100-0) 
. 81-1 70-6 (100-0) .. 
. 71-4 (75-0) (0-0) 
(88-9) (100-0)... 


APPENDIX TaBLE VI.—Per Cent Pure Cigarette Smokers. Males. 


65-74. 75-84. 85-. 
(23-1) (0-0)... 
21-7 (0-0) 

(10-0) 
20-5 . (0-0) 
23-5 . 
14-3 . (0-0) 
(22-2) 


APPENDIX TaBLE VII.—Per Cent Pure and Mixed Cigarette Smokers. Males. 


65-74. 75-84. 85-. 


55-8 23-5 ee 
81-8 . . 25-0 25- (0-0) 
68-0 (33-3) es 


AppeNnDIxX TaBLE VIII.—Per Cent Heavy Smokers. Males. 


85-. 


APPENDIX TABLE IX.—Per Cent Heavy and Medium Smokers. Males. 


Group. 15-24. 75-84. 
15-5 ‘ 
(11-1) 
1 


ae Age in years. 
Group. 15-24. 25-34. 354-4. 45-54. 55-64. 
1 . 54:5 63-0 60-0 58-1 36-1 
2 . 60-8 75-9 71-5 61-7 29-5 
jake . 36-8 28-4 26-0 23-2 14-1 
4 . (22-2) 47-9 52-1 50-7 34-8 
47-6 44-2 30-6 37-8 
6 . 53-1 53-0 59-9 48-8 32-5 
7. 38-9 43-8 40-0 63-2 50-0 
ee Age in years. 
a Group. 15-24. 25-34. 35-44. 45-54. 55-64. 
1 . 63-6 70-4 70-8 62-9 44-4 (23-1) (0-0) .. 
ae 2 . 68-0 85:4 81-8 68-4 41:0 30-4 (0-0) .. 
3 . 55-3 47-4 39-4 36-6 26-6 (10-0) 
. (33-3) 67-4 
6 . 72-4 81-4 
7 . 50-0 68-8 
a Group. 15-24. 25-34. 35-44. 45-54. 55-64. 65-74. 75-84. [i 
. 4:5 3-7 7-7 3-2 2-8 (0-0) (0-0) .. 
2 . 93 5-5 6-6 4:5 9-0 4:3 (0-0) .. 
3. 0-0 0-0 0-8 12 0-0 (0-0). 
4 . (0-0) 3-3 5-7 8-4 68 10-3 0-0 (0-0) 
4:8 1:9 81 0-0 (0-0)... 
6 . 61 3-8 7-5 7-4 17-9 (25-0) (0-0) 
7 . 56 0-0 0-0 10-5 63 (11-1) (0-0) .. 
‘tall Age in years. d 
ee 
(25-0) 
6 . 17-3 32-8 35:3 25-6 20-8 28-6 (25-0) (0-0) 
7 . 56 125 12-0 42-1 18-8 (22-2) (0-0) .. 
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APPENDIX TABLE X.—Per Cent Heavy Pure Cigarette Smokers. Males. 


15-84. 85-. 
{0-0) 

0-0 (0-0) 
(0-0). 
(0-0) (0-0) 
(0-0). 


AppENDIX TaBLE XI.—Per Cent Heavy and Medium pure Cigarette Smokers. 
Males. 


ust 


ty 


w 


Group. ‘ 15-24. 25-34. 
48-0 66-0 
(33-3) 40-0 
: 20-2 


50-0 49-1 
(0-0) (11-1) 


25- 


0- 
0- 
0- 
0- 


AppenDIx Taste XIV.—Per Cent Heavy and Medium Smokers. Females. 


65-74. 75-84. 85-. 
(0-0) 
(0-0) 


0-0 
0-0 
(0-0) 


(0-0) 
(0-0) 
(0-0) 
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Age in years. 
Group. 15-24. 2 45-54. 55-64. 65-74. 4 
1-6 2-8 (0-0) 
3-5 2-3 5-1 0-0 
3. 0-0 0-0 0-0 0-0 (0-0) 4 
4 . (0-0) 2-2 5-5 3-9 3-8 
3-2 8-3 2-7 0-0 
6 . 41 3-3 5-8 0-0 3-6 
7 . 56 0-0 10-5 6-3 (0-0) : 
Age in years. 
Group. 15-24. 25-34. . 45-54. 55-64. 65-74. 75-84. 85-. 
3-7 14-5 5-6 (0-0) (0-0) 
2 . 82 16-6 21-1 10-3 0-0 (0-0) ae 
4-3 3-7 0-0 (0-0) 
4 . (0-0) 17-5 24-6 14-0 6-4 3-2 (0-0) 
9-5 13-9 5-4 0-0 (0-0) 
6 . 12-2 19-7 16-5 7-8 10-7 (0-0) (0-0) 
7 . 56 6-3 31-6 18-8 (11-1) (0-0) 
TasBLe XII.—Per Cent Smokers. Females. 
Age in years. 
35-44. 45-54. 55-64. 65-74. 75-84. 85-. 
34-5 31-9 0-0 (0-0) 
7:8 15-8 2-2 3-4 (0-0) 
43-1 27-9 12-5 6-7 (50-0) 
(23-1) 50-0 (37-5) (50-0) (0-0) 
Appenpix TasLe XIII.—Per Cent Heavy Smokers. Females. 
Age in years. 
Group. 15-24. 35-44. 45-54. 55-64. 65-74. 75-84. 85-. 
1 . 0-0 0 0-0 0-0 0-0 (0-0) mt ‘a 
2 . (0-0) 0 0-0 2-3 0-0 (0-0) it ae 
0-0 0-0 0-0 0-0 0-0 (0-0) 
4 . 0-0 0 1-4 1-6 0-0 0-0 (0-0) ‘a 
5 . (0-0) (0-0) 0-0 (0-0) (0-0) (0-0) ; 
Age in years. 
Group. 15-24. 25-34. 35-44. 45-54. 55-64. 
ae 1-9 0-0 0-0 0-0 
2 . (0-0) 8-7 13-5 11-6 5-0 
0-8 0-0 2-6 0-0 
9-4 9-7 3-3 5-0 
5 . (0-0) (0-0) (0-0) 0-0 (12-5) 
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Rovunp about the end of the last war the total number of deaths from cancer 
recorded in the mortality statistics of the Central Bureau of Statistics for the 
Netherlands showed a conspicuous decrease. In females the decrease amounted 
to 6 per cent, in males to 9 per cent approximately. In the different age-groups 
it was about the same. 

This statistical decrease was very pronounced in lung cancer in males (Table I). 
In this paper the following tumours are expressed in terms of headings of the 
detailed international list of causes of death: ‘‘ Lung cancer”: No. 476 (revi- 
sions of 1929 and 1938), No. 162 + 163 + 164 (revision of 1948); “‘ Tumours 
of undetermined nature of the respiratory organs”: subgroup of No. 55b 
(revision of 1929), subgroup of No. 57e (revision of 1938), No. 231 (revision of 
1948). (The figures for deaths from lung cancer in females are too small for a 
statistical analysis and will be left out of consideration in this paper). With 
cancer of most other organs the decrease was less than with lung cancer, and in 
breast cancer and in some other cancers there was no decrease at all. 

In Norway, according to Kreyberg (quoted by Doll, 1953), there was a similar 
dip in the mortality curve for lung cancer in the same years, whereas in England 
and Wales this curve continued without any interruption (Doll, 1953). 

In my report for the symposium on the endemiology of lung cancer in Louvain, 
in 1952 (Korteweg, 1953), I left the question undecided, whether the statistical 
decrease of mortality from lung cancer resulted from mis-diagnoses due to war 
circumstances—non-functioning of the X-ray apparatuses for instance—or 
whether indeed in these years fewer people died from this disease. 

There was every reason for carefully considering this last possibility. Accord- 
ing to the Central Bureau of Statistics, during the hunger winter of 1945 
1784 males and 609 females died from starvation in Amsterdam, a town of about 
800,000 inhabitants. In the first weeks after the liberation the number of persons 
suffering from hunger oedema amounted to many tens of thousands. All meta- 
bolic and hormonal processes were upset in these years. Moreover, with respect 
to lung cancer in particular, its rate of mortality might have been significantly 
influenced by the very low level of tobacco consumption in the Netherlands 
during the war. 

In these years around the end of the war, according to the official statistics, 
“cancer of the cervical canal of the uterus” decreased by more than 30 per 
cent, whereas “ cancer of other parts of the uterus and unspecified cancer of the 
uterus ”’ increased by nearly the same amount, so that for cancer of the uterus 
as a whole there was neither a decrease nor an increase. Evidently in these 
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years an unusually large number of deaths from cervix cancer must have been 
recorded under the less determinate heading of “ cancer of other parts and unspeci- 
fied’’, whilst in reality mortality from cervix cancer did not change at all. 

The question arose, first, whether it would prove possible to discover, just as 
for cervix cancer, a heading on the list of causes of death under which part of 
the lung cancer deaths could possibly have been incorrectly recorded and, 
secondly, whether in that case it would prove feasible to make the necessary 
corrections, just as it was for cervix cancer. 

A hint from an official of the Central Bureau of Statistics gave me the clue I 
was searching for. He pointed out Heading 57 of the detailed international 
list of causes of death, revision of 1938, under which all tumours of undetermined 
nature—those tumours of which it was not reported whether they were malignant 
or not—are recorded. In one of its subgroups the figure for the tumours of unde- 
termined nature of the respiratory organs is given. 

It appeared that in the same years that the decrease in lung cancer was 
greatest, those undetermined tumours of the respiratory organs, a very small 
group under normal circumstances, had strikingly increased. Evidently in this 
group many cases of primary lung cancer were hidden. Allowance should be 
made, however, for the possibility that in this group many metastatic tumours 
would also be included which, if better diagnosed or better recorded, would have 
appeared under headings for cancer of other internal organs. 


TaBLE I.—Deaths from Lung Cancer, from Tumours of Undetermined Nature of 
the Respiratory Organs, and from Tumours of Both Groups Combined. 
Netherlands, 1938-1952. 


Males. Females. 
—_ 
Lung Lung 
Tumours of cancer and Tumoursof cancer and 
undetermined undetermined undetermined undetermined 
nature of tumours of nature of tumours of 


Lung respiratory respiratory Lung respiratory respiratory 
Year. Cancer. organs. organs. Cancer organs. organs. 


1938 . 639 137 
1939 . 672 . 151 Revision of 1929. 


1940 . 158 


1941 . 4 161 ) 
1942 . ° 195 
1943 . 162 
1944 . 198 
1945 . 184 }Revision of 1938. 
1946 . 189 
1947 . 192 
1948 . 197 
1949 . 216 


1950 . 192 
1951 . “ 245 Revision of 1948. 


1952 . 185 


After so many years have elapsed, endeavours to obtain more complete 
diagnoses would have no sense. Where individual cases are concerned, doubt 
therefore remains. With regard to the group as a whole, however, all doubt 
as to its true nature can reasonably be excluded. The group as a whole has 
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the characteristics of a group of cases of primary lung cancer : the age curve of 
this group—the curve which gives the death rates per million living in each 
age-group—corresponds closely with the age curve for the group of cases of lung 
cancer recorded in the same years (Fig. 1). 

The typical difference between the age curve in —_ cancer and the age curve 
in nearly all other important cancers is its notable decrease in mortality at 
the age of about 70 years, at which age in other cancers there is even an accelera- 
tion of the increase. 


—34 35- 
| 


Fic. 1.—Age curves for deaths from neoplasms in males, in the Netherlands, averages for the 
years 1944-1946. Note that in order to make comparison easier, the age curves are given 
on a different scale. First, the death rates per million living of the six age-groups were 
determined. Then the sum totals of these numbers were reduced to 100 and a proportional 
reduction was made for the numbers of each age-group separately. The length of the ordin- 
ate for a given age-group, therefore, gives the percentage pertaining to that age-group of the 
sum of the lengths of the ordinates of all age-groups together. 

Unbroken line: lung cancer. 

Broken line : tumours of undetermined nature of the respiratory organs. 

Dotted line: cancer all sites. 

The vertical dashes at the top of the graph give the averages for the periods in question, 
i.e, 35-44, 45-54, etc. 


For the cancerologist an explanation of this decrease at advanced age offers 
no difficulty (Korteweg, 1951). The increase of lung cancer mortality in the 
last 40 years points to an increase of the sum total of cancer promoting influences. 
The older people of to-day lived a great part of their lives in a period when the 
menace from these influences was less than it is at present. As contrasted with 
the situation with younger people, therefore, mortality from lung cancer in the 
higher age-groups does not correspond to the sum total of cancer-promoting 
influences of to-day, but to this sum in an earlier period. 

It can be calculated that an inclusion in the group of undetermined tumours 
of the respiratory organs of even a small number of metastatic cancers possessing 


the normal age curve would have substantially altered the age curve proper to J 


lung cancer. The percentage of metastatic tumours hidden in this group does 
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not, therefore, differ much from the percentage in the group of cases registered 
as deaths from primary lung cancer, in which group-undoubtedly also a number 
of metastatic tumours are hidden. 

It seems justifiable, therefore, to consider the combination of the figure for 
‘‘ lung cancer deaths recorded as such”, with the figure for ‘‘ deaths from undeter- 
mined tumours of the respiratory organs’, as giving a better insight into the 
mortality from lung cancer around the end of the war than does the figure for 
the deaths from lung cancer recorded in the Netherlands mortality statistics 
alone. 

The unbroken line of Fig. 2 gives the crude death rates in males per million 
living in each year for this combination of recorded and probable (though not as 
such recorded) lung cancer deaths in the Netherlands. 


300 


250}+- 


200 


1938 1940 1942 1944 1946 1948 1950 1952 
1939 1941 1943 1945 1947 1949 1951 


Fic. 2.—Crude death rates in males, per million living, in the Netherlands, 1938-1952. 

Broken line: deaths from lung cancer. 

Unbroken line : deaths from lung cancer and undetermined tumours of the respiratory 
organs combined. 


A comparison of the old curve for the crude death rates for lung cancer (broken 
line of Fig. 2) with the new curve for deaths from “ lung cancer ” and “‘undeter- 
mined tumours of the respiratory organs” combined (unbroken line of Fig. 2) 
reveals the following : 

(a2) In the new curve the decrease in lung cancer mortality in the years 1944 
and 1946 has become almost negligible. 

(6) In the new curve the dip in 1945 has become shallower, though there still 
remains a decrease of some 20 per cent of lung cancer deaths as against some 
30 per cent before the correction had been made. 

(c) In contradistinction with 1946, when lung cancer mortality seemed to 
have regained its “‘normal” height, there was again a decrease of about 10 per 
cent in 1947. 
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(d) The concavity in the curve for the years 1938 to 1941 has disappeared 
from the corrected curve. 

During discussions with officials of the Central Bureau of Statistics on the 
reliability of the data on which the statistics of the causes of death are based, 
facts appeared which threw a new light on our problem. 

In the Netherlands the physician has to fill in two forms for each death. One 
of these goes to the local civil registrar, a layman. In small villages where every- 
body knows everybody the secrecy of this form is not absolutely guaranteed, 
and this leads, in cases of death from, for instance, venereal disease or cancer, 
to many physicians reporting meaningless diagnoses, such as heart failure. 

Under normal circumstances the official Netherlands statistics of causes of 
death are based on the second forms, which find their way, in a sealed envelope, 
to the medical official of the Central Bureau of Statistics in The Hague. If 
the diagnosis mentioned on this form is incomplete, the medical official makes 
inquiries of the physician responsible for it as to the complete diagnosis and 
eventually corrects it. As the secrecy of these forms is ensured, there is no 
reason whatsoever for reserve. 

In 1944 and 1945—when there was a general railway strike and other means 
of transport were extremely scarce and undependable—and in 1946, there was 
a lack of opportunities for making inquiries about incompletely filled in forms. 
This reduces the reliability of the statistics for cancer for these years. The 
statistical decrease of cancer of the cervix uteri mentioned above, as well as the 
greater part of the statistical decrease of deaths from lung cancer find their 
explanation in this fact. 

The situation was by far the worst in 1945, when the war front cut the Nether- 
lands in two. The mortality statistics for that year are based exclusively on the 
diagnoses given on the forms which were sent to the local civil registrars. It is 
clear that this was detrimental to the Netherlands statistics for 1945, and that 
to search for other explanations for the big statistical decrease of deaths from 
lung cancer in 1945 would be a mere waste of time. 

The only part of the dip for which no explanation can be given is the decrease 
of 10 per cent of lung cancer deaths in 1947. This is the only indication that 
the low level of tobacco consumption or the severe malnutrition in the foregoing 
years might have somewhat influenced mortality from lung cancer. This decrease 
is rather small, however, and in 1947 living conditions in the Netherlands had 
not yet quite returned to normal, so that it would not be wise to attach much 
importance to it. 

The cause of the great differences in the numbers of deaths recorded from 
undetermined tumours of the respiratory organs between the years before and 
after 1941 could not be discovered. Maybe changes in the staff or the working 
methods of the Central Bureau of Statistics or changing over from the revision 
of 1929 to the revision of 1938 could account for it. The straightening of the 
curve for the crude death ‘rates for the years 1938 to 1941, after correction for 
the undetermined tumours has been made, seems an argument in favour of the 
supposition that most of these tumours were in fact true lung cancers. Though 
the age curve for this rather small group of tumours in 1938 to 1940 deviates 
somewhat from the age curve for true lung cancers, its general trend also seems to 
favour the idea that in this group a great number of cases of lung cancer are 
hidden. 
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LUNG CANCER MORTALITY IN THE NETHERLANDS 


SUMMARY AND CONCLUSIONS. 


With the greatly appreciated assistance of the Netherlands Central Bureau 
of Statistics it was possible to find an explanation for the greater part of the 
statistical decrease of mortality from lung cancer in the Netherlands around 
the end of the war, and to prove that most of this decrease was only spurious, 
and due to the inaccuracy of the statistics for the causes of death for these years. 

The two main causes of this inaccuracy were: firstly, the impossibility of 
making inquiries about incompletely reported diagnoses, and secondly the fact 
that the official statistics for 1945 were of necessity based on data of very 
questionable reliability. 

For lung cancer the first of these two causes could be partly remedied by adding 
the group of undetermined tumours of the respiratory organs to the group of 
lung cancers. The correctness of this proceeding was proved by the great simi- 
larity between the age curves of the tumours of both groups, which indicates 
that these undetermined tumours were in fact lung cancers. 

No indication was found that other circumstances, such as the reduced tobacco 
consumption or the severe malnutrition during the war, significantly influenced 
lung cancer mortality in the Netherlands at the end of the war. 
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A PorRTION of the carbon particles which we inhale is arrested by the mucous 
membrane of the nose, pharynx and trachea and larger bronchi and in health is 
expelled by ciliary action. The remainder reaches the lung parenchyma and is 
nearly always, in the first instance, deposited in the small lymphoid foci around 
the smaller bronchi and bronchioles. As these become overloaded the excess 
carbon is carried further afield by lymphatics towards the pleural surface and 
towards the glands in and around the hilum of the lungs. The tracheo-bronchial 
glands may occasionally allow small amounts of the carbon to pass through into 
the thoracic duct or into lymphatic efferents from the glands which communicate 
directly with the great veins within the thorax, and thus the carbon reaches the 
blood stream. Such carbon in the blood stream is taken up by the cells of the 
reticulo-endothelial system in organs like the spleen and liver, which very 
occasionally at autopsy may show slight stippling with carbon, though in six 
spleens examined chemically we have found no weighable carbon in our residues. 

The amount of carbon deposited in a lifetime in the lungs and tracheo-bronchial 
glands depends on many variable factors such as age and occupation. Where the 
degree of atmospheric pollution is great the excessive amount of carbon inhaled 
clogs the cilia of the respiratory mucous membrane and a large amount is not 
expelled even in the normal subject. In the subject who suffers from chronic 
catarrhal inflammation of the respiratory mucosa, there occurs a progressive 
destruction of the normal ciliated epithelium which is partially replaced by a 
non-ciliated type of a lower order, such as cuboidal or even squamous cells, which 
are unable to expel carbon particles. Thus in these subjects, even under the 
more or less normal conditions of atmospheric pollution that exist in any large 
town, more carbon will accumulate in the lungs than in the healthy subject. 
Taking into account such variable factors, the amount of carbon found in the 
lungs of subjects coming to autopsy must vary within wide limits. Further, 
the amounts deposited in different parts of the lung vary, as judged by the naked- 
eye appearance of the lung post mortem. For example, the familiar appearance 
in the normal lung is that the carbon tends to accumulate mainly under the pleura 
where the lung lymphatics communicate with those of the pleura through a 
valved channel which impedes the onward flow of the carbon and also around the 
hilum in the broncho-pulmonary and tracheo-bronchial lymphatic glands. In 

* A preliminary statement of these results was given at a meeting of the European Section of 


the Union Internationale contre le Cancer at the Institute of Cancer Research, Royal Cancer Hospital, 
London, on October 19, 1953. 
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pathological lungs this more or less normal distribution of carbon may be disturbed, 
due to blocking of lymphatics, as for example by fibrosis around scars resulting 
from old tuberculosis. The scarring so caused is usually the seat of dense 
accumulation of carbon. Areas of diffuse fibrosis resulting from bronchiectasis 
or from the imperfect resolutions of acute pneumonias are often relatively free 
from carbon. Why this should be so is not altogether clear. Thus the only 
accurate means of assessing the total amount of carbon in the lungs and tracheo- 
bronchial glands as a whole is by estimating chemically all the carbon in these 
structures, and it is from this angle that we have approached the problem. The 
amount found in these organs at autopsy thus represents what has been retained 
during a lifetime. The carbon itself may be innocuous, but from our studies 
of atmospheric pollution (Goulden and Tipler, 1949; Waller, 1952; Goulden, 
Kennaway and Urquhart, 1952), onc can form some idea of the amounts of the 
carcinogens, 3 : 4 benzpyrene and arsenic, which would accompany it, and may 
possibly have some effect, either in association with, or apart from, that of tobacco. 
The black coloration of the lungs and bronchial glands must have become 
increasingly familiar to British pathologists since the Industrial Revolution 
which in the earlier part of the nineteenth century converted Britain, by the 
utilisation of coal and iron, from an agricultural to a largely industrial country. 

Although abundant material has been available in Britain during the last 
150 years, no one has, so far as we know, attempted to estimate the amount of 
carbon in human lungs, except in the special case of coal-miners (King and Gil- 
christ, 1945). When Professor Dungal’s paper (1950) on the low incidence of 
cancer of the lung in Iceland appeared, it was clear that his investigations were 
yielding very interesting material, and he most kindly sent us the lungs from 
eight autopsies on persons who had never left Iceland. This material gave 
unexpected results which will be referred to later. 


MATERIALS. 


We wished to study the lungs of people in the following categories: male 
and female, persons with and without bronchial carcinoma, smokers and non- 
smokers, town and country dwellers (Table I). Both lungs with the trachea were 
required in order to obtain the bronchial glands adjacent to the trachea. A 
questionnaire on the following points was circulated: sex; age; diagnosis and 
post-mortem findings; places of residence for more than three years and the 
period lived in each; occupations followed for more than three years; the 
smoking history as regards the use of a pipe or cigarettes; the age at which 
smoking was begun and stopped ; the maximum and average amounts smoked 
per day, and whether inhalation was practised always, occasionally or never. 
Considerable difficulties were encountered in obtaining lungs from persons 
without bronchial carcinoma for controls; those were needed from whom an 
accurate history could be obtained, but who were not likely to live long. We are 
greatly indebted to Professor W. D. Newcomb of St. Mary’s Hospital, London, 
and to Dr. H. Joules of the Central Middlesex Hospital, London, for the supply of 
material; also to Professor Neils Dungal of Reykjavik for the lungs of eight 
persons who had alway: ‘ved in Iceland. Lungs from six cases were obtained 
from St. Bartholomew’ ~-'tal, but the histories of these persons were not 
known, 
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TABLE I.—Cases Examined. 


Male. Female. 
Cases from London. 

Bronchial carcinoma, 16 cases : Bronchial carcinoma, 5 cases : 
Smokers . Smokers 4 
Non-smokers 2 Non-smokers 1 
Town dwellers . Town dwellers 4 
Country ,, Country ,, 0 

Not known 1 


No bronchial carcinoma, 11 cases : 


No bronchial carcinoma, 10 cases : 


Smokers 4 Smokers . 
Not known 

Town dwellers 4 Town dwellers. . 9 
Country ,, 0 Country ,, . & 
Not known 

Total males ‘ . 26 Total females A . 16 


Cases from Iceland. 
No bronchial carcinoma, 4 cases : No bronchial carcinoma, 4 cases : 


Smokers (all very little). 3 Smokers. © 


TECHNIQUE. 


1. Anatomy.—The tracheo-bronchial and broncho-pulmonary lymph glands 
were dissected out, the former being sought up to the level of the larynx. The 
pulmonary glands in the lung substance were separated as far as possible from 
lung tissue ; no claim is made that this division was carried out very accurately, 
but the much lower concentration of carbon in the lung makes some contamination 
with it unimportant. The separation of lymph glands is of course still more difficult 
when a large invasive mass of bronchial carcinoma is present ; the practice has 
been to regard as lymph glands any deep black stippled areas of similar size and 
shape, and to class the remainder as lung. We attach no importance to apparent 
differences in the distribution of carbon between lung and glands in the various 
series. 

2. Chemistry—The whole lungs were hydrolysed. The estimation of the 
dry weight of the lung tissue was not attempted because this tissue is not homo- 
geneous, and drying of the whole lung, or its homogenisation so that a representa- 
tive sample could be taken, is not readily practicable. 

The following technique was therefore adopted: The lungs, and bronchial 
glands, were digested separately by refluxing for 16 hours with an excess of 50 
per cent alcoholic KOH (about 350 g. KOH and 700 ml. alcohol to a kg. lung). 
The clear, dark red supernatant fluid was centrifuged off and the residue washed 
in 25 per cent HCl, alcohol and acetone until the supernatant fluids were colourless. 
After drying to constant weight at 110° C. the material was heated to dull red 
heat and the loss in weight reckoned as carbon. Clearly, estimation of the carbon 
by direct measurement of CO, produced was desirable. Samples were sent to 
Dr. Weiler and Dr. Strauss at the Microanalytical Laboratory, Oxford, for this 
purpose ; their results amounted consistently to 70 to 80 per cent of our own. 
It seemed likely that this was due to adsorption of organic materials from the 
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issue hydrolysate which were, like the carbon, combustible at dull red heat. 
The deposit contained, on average, 1 to 2 per cent of nitrogen and hydrogen. 
Moreover, it was found that activated charcoal (B.D.H.) added to tissue hydro- 
lysates adsorbed 20 to 30 per cent of its own weight of impurities, whereas sugar 
charcoal could be quantitatively recovered. The carbon from the lungs resembled 
the activated charcoal in appearance in that it was much more finely divided 
than the sugar charcoal. As this investigation was a comparative study, our 
own figures were used except in a few cases as indicated in the tables. 

3. Histology.—The lungs submitted to us had been fixed whole in formalin and 
thus the fixation from a histological point of view was not perfect. Blocks of 
lung tissue were nearly always taken from the pleural region and from deep in 
the lung substance, and occasionally from the tracheo-bronchial glands. These 
blocks were subsequently refixed in formol-corrosive and the paraffin sections were 
stained by haemotoxylin, by carmalum or neutral red, by van Gieson or Mallory, 
and, in a certain number of cases referred to later, by potassium ferrocyanide to 
demonstrate any iron. The sections from each case were studied microscopically 
for their carbon content, and for the presence of any fibrosis or cancerous infil- 
tration of the lymphatics that might impede free lymphatic drainage of carbon 
particles. In addition all sections were examined by the polarising microscope 
to find if there were any doubly refractile granules in the lungs such as silica. 


The Carbon Content of the Lungs and Bronchial Glands. 
1. The cases from hospitals in London (Tables II and III).—The places of 


residence and occupations given are those of longest duration only. In the case 
of persons living in London, the part of London in which they lived is stated in 
brackets after a capital L ; for those living in other towns, the county is given in 
brackets. ‘“‘ Cigarettes ’’ expresses tobacco consumption in this form even where 
cigars or a pipe were smoked. A cigarette weighs 1 g., hence 1 oz. tobacco is 
equivalent to 28 cigarettes. 

The small number of cases prevents any firm conclusions about differences in 
the amounts of carbon in the lungs of persons with and without bronchial carcinoma. 
These differences are not statistically significant, but are nevertheless of interest. 

The average amount of carbon in the lungs of females with bronchial carcinoma 
was greater than that in the controls (Table III), although the carbon content of 
the glands did not differ appreciably between the two groups of women; one 
might expect this result if some carcinogen such as 3 : 4 benzpyrene adsorbed on 
to the carbon particles in soot is concerned in the aetiology of lung cancer. The 
two groups of men, however, showed the opposite result. Again, the carbon in 
the glands was approximately the same for the two groups, but the control group 
had the higher carbon content in the lungs. There was no apparent reason why 
men and women should differ in this way. 

The total carbon content of a lung must vary according to three chief factors, 
(a) age, (b) the size of the lung (since a larger person will inspire more air 
and hence more carbon), and (c) the environment in which a person lived. (a) 
Allowance for the first of these variables is easily made. When the weight of 
carbon in the lungs and glands was divided by the age (Table IV) the differences 
between the four groups remained and were still of the same order. The lower 
carbon content of the lungs of men with bronchial carcinoma is not due to earlier 
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TaBLeE II.—The Carbon and Ash Content of Human Lungs and Bronchial Glands. 


1. Males without Bronchial Carci: 


Cigarettes. 


Occupation. Residence. Per day Total. . ash. 

1 77 +. Engineer L. (Harlesden) . 4 90,720 . 0°36 0-09 . 0-04 0-03 . 0-39 0°12 . 10:3 25-0 
2 Te « Bus - London, N.W.2 . 4 78,840 . 1:29 0-24. 0-14 0-05 . 1:43 0-29 9-8 17:2 

Conductor Ww. 

3 os Seaman . L. (Paddington) 35 — . 0-89 0-23 . 0-14 0-05 . 0-94 0-28 . 14:9 17:8 
4 73 Engineer - L 7 341,275 1°31 0°24 0.09 0°03. 1°41 
5 57 -- 0-57 0-72 . 0°03 0-05 . 0°60 0-77. 65 
6 60 _ 0-97 0-38 . G°04 0-05 . 1-01 0-43. 11°8 
7 30 0-24 0-07 . 0-02 . 0-25 0-09. 4:0 22-2 
8 84 Music 0 0 0-99 9-19 . 0-07 0-05 . 1:06 0-24. 20:8 

Teacher 
9 70 Draper 0-84 0-10 . 0-20 0-05 . 1-04 0°15 . 19°2 33:3 
“ . 0-07 0-05 . 0-91 0-22. 7:7 22-7 
Average 65 . 0-83 0-24 . 0-08 0-04 . 0-90 0-28. 8:8 18:8 


a J . Meter reader. (L. Harlesden) . 0-44 0-17 . 0-16* 0-01*. 0-60 0-18. 2:7 5-6 
12. 55 . Decorator . L.(Wembley) . 35 441,000 . 0-28 0-10 . 0-04 0-02 . 0-32 0-13 . 12-5 15-4 
13. 67 . Painter L. 345,600 . 0-37 0-07 . 0-04 0-02 . 0-41 0-09. 9-8 22-2) 
14. 65 . Packer + >} 30 536,550 . 0-55 0-09 . 0-04 0-01 . 0-59 0-10. 6:8 10% 
15 . 68 . Bootmaker (Willesden) . 22 372,340 . 0-50 0-17 . 0-07 0:06 . 0-57 0-23 . 26-1 
| Commercial L. (Tooting) . 14 282,240 . 0-61 0-11 . 0-04 0-03 . 0-65 0-14. 6-2 14:3 
raveller . 
17. 43 . Greyhound . L.(Putney) . 45 443,475 . 0-28 0-06 . 0-12* 0-01*. 0-40 0-07 . 30-0 14:3 
trainer .  L. (Alperton) 
18 . 52 . Engineer . L.(Fulham) . 35 465,900 . 0-60 0-08 . 0-02* 0-01* 0-62 0-09. 3-2 11:1 
19 . 71 . Seaman . Sea,London . 65 1,380,600 . 0-70 0-15 . 0-06 0-03 . 0-76 0-18. 7:9 167 
20 . 66. Civil .  L. (Baling) 0 0 . 0-87 0-25 . 0-06 0-05 . 0-93 0-30. 16:7 
servan 
21 69 . Bus driver. L.(Acton) . 0 0 . 0-99 0-67 . 0-03 0-02 . 1-02 0-69. 2-9 2-9 
22 63 None . L.(Harlesden) . 20 343,100 . 0-88 0-14 . 0-10 0-03 . 0-98 0-17 . 10-2 17-6 
23. 74 Tailor . Poland, London. 10 211,700 . 1-33 0-16 . 0-20 0-09 . 1°53 0-25 . 13-1 36-0 
2 24. 68 . Baker . L.(Harlesden) . 30 525,600 . 0-99 0-14 . 0-08 0-06 . 1-07 0-20. 7:5 30-0 
25. 64 . Museums . L. (Willesden) . 25 432,000 . 0-57 0°16 . 0-05 0-03 . 0-62 0-19. 8-1 15:3 
26 . 65 . Bootmaker . L. (Kensington). 15 268,275 . 0-89 0-14 . 0-04 0-02 . 0-93 0-16. 4:3 17-0 
Average 63 . 0-68 0-17 . 0-07 0-03 . 0-75 0-20.9°0 17:1 
: * Dr. Weiler’s estimation. 


TaBLE III.—The Carbon and Ash Content of Human Lungs and Bronchial Glands—(cont.),| 


3. Females without Bronchial Carcinoma. 


Cigarettes. 


Residence. Per day. 
30 . 75 . Housewife. L.(Acton) . 0 0 0-34 0-12 . 0-04 0-04 . 0-38 0-16 . 25-0 
$1. 62 Ladys’ maid: 8. London 0 0-18 | 0-17 0-07 | 0-66 0-25 25-8 28-0 
32: 62 Factory, . wall 0 0 0-44 0-26 0-03 0-03 | 0-47 0-29. 6-4 103 
yr. L. wi illesden) 
33 . 50 . Housewife ; New Malden 0 0 0-13 0-05 - 0-02 0-05 . 0-15 0-09 . 13-3 55-6 
urre’ 
$4. 57. L.(actonr) . 0 0 . 0-29 0-08 . O-11 0-06. 0-40 0-14 . 42-9 
85: 54 Russia, London: 52,560 0-40 0-15 0-06 0-05 0-46 0-20 13-0 25-0 
esigner 
36. 52 . P.O.Clerk . Osterley(Mddx.). 0 0 . 0-17 0-04 . 0-07 0 0-25 0-08 . 28-0 50-0 
37. 33 . Telephone .L. (St. Pancras). 12 52,600 0-46 0-06 0-03 0-02 . 0-49 0-08 6-1 25-0 
op. . 
38 . 64 . Housewife | Welling (Kent). 0 0 . 0°16 0-04 . 0-03 0-02 . 0-19 0-06 . 15-3 33 
39: 88. 'L. (Wemble 0 10-38 0-17 0-07 0-07 0-45 0-24 | 15-6 29-2 
40 ‘Greenford (Md 0 10°72 0°28. 0-12 0-09 0-84 0-37. 24-3 
aman @ 0-36 0-13 . 0-07 0-06 . 0-43 0-18 16-0 31-7 
4. Females with Bronchial Carcinoma. 
{ suibury (itd 8 23,040. 0-24 0-18 . 0-07 0-03 . 0-31 0-21 . 22-6 149 
42. 83 . P.O. Clerk . L. (Paddington). 0 0 . 0-47 0-21 . 0-05 0-06 - 0-52 0-27. 96 2225 
43. 43 Ireland 35 289,800 . 0°45 0-12 . 0-02 0-06. 0-47 0-18. 4:3 
N.W 
44 . 64 . Domestic . Paddington) 10 50,000 . 0°75 . 0-09 0-12 . 0-84 0-36. 10-7 33:3 
45 57: Cook . 481,800 | 0-95 0-41 0-06 0-06. 1-01 0-47. 124 


- 0-57 0-23 . 0°06 0-07. 
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TaBLE IV.—Total Carbon Content of Lungs with Allowance for Age Differences. 
Male. Female. 


With No Difference With No Difference 
bronchial _ bronchial as bronchial _ bronchial as 
carcinoma. carcinoma. percentage. carcinoma. carcinoma. percentage. 
Total g. carbon in lungs 
and glands (average) . 0-75 0-90 17 0-63 0-43 31 
Total mg. carbon per 
year of life(average) . 11-7 13-4 12 10-6 7-4 32 


death since the mean age of this group (63) is almost the same as that of the 
controls (65). (6) No reliable correction for the variation in lung size could be 
made in the absence of estimations of the dry weight of the lung (see p. 42). 
(c) The effect of environment could not be fully assessed owing to insufficient 
data. The majority of cases dwelt in London, but over this area the smoke 
concentration may vary widely. In the group of 11 women without bronchial 
carcinoma, 2 were entirely country dwellers and had very low values for carbon 
in the lung, which factor reduces the average for this group from 0-49 to 0-43 g. 
There is, as one might expect, a relationship between the number of years lived 
in towns and the carbon content of the lungs (Fig. 1). This graph was constructed 


Years lived in town 
| 


01 03 05 0-7 0-9 
Total g¢. carbon in lungs and glands 


Fic. 1.—The effect of living in towns on the carbon content of human lungs. (Women without 
bronchial carcinoma.) 


from data for women without bronchial carcinoma for two reasons because, 
first, only in this group were there any real country dwellers, and second, since 
most of these persons were housewives, their environment was more constant than 
that of the men ; they would have worked where they lived, whereas the men may 
es breathed by day the smoky air of a town, and by night the cleaner air of its 
suburbs. 
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2. The cases from Iceland (Table V.)—Since these specimens did not include 
the whole trachea, some of the bronchial glands may not have been present ; 
the figures in Table V therefore represent the carbon and ash content of the lungs 
and glands together. 

The content of both carbon and ash-in the women’s lungs was considerably 
greater than that in the men’s, apart from the exceptional value for the man No. 50. 
The high figures for this case can be explained by the fact that he was a stoker 
and inhaled large quantities of smoke at work. Comparison of these values with 


TaBLE V.—Carbon and Ash Contents of the Lungs from Iceland 
(all without Bronchial Carcinoma). 
1. Male. 


Carbon in 

Age. Occupation. Smoking. lungs (g.-). 
Stoker . Very little . 1-81 
‘ Nil ‘ 0-61 

Farmer Very little . 0-59 


Average (0-91)* 
0-60 


. Female. 
1-50 
1-14 
0-73 
0-70 

Average 0-90 


* Bracketed averages include the abnormal figures for No. 50. 
+ This very high value for ash was omitted from the average. 
Microscopically, no silica was found in sections of the lung. 


those obtained in London, shows that the lungs of Icelandic men had a lower 
average carbon content, while those of the Icelandic women had a much larger 
amount. The same differences obtained on correction of these figures for variation 
in age distribution. 

The presence of such amounts of carbon in these lungs from Iceland seemed 
at first sight surprising, for in Iceland general atmospheric pollution as under- 
stood in this country is very small. There is no native coal or oil, and these are 
costly to import. The capital city is now heated in part by water from the 
natural hot springs (Kennaway, 1954). However, in the country, peat is widely 
used though in some places this is absent, or has been exhausted, and dried sheep’s 
dung is burnt ; the confinement of farm stock in winter makes collection easy. 
Apart from the stoker (No. 50) all these cases lived in the country. Dungal (1950), 
alluding to the woman No. 57 in Table V, writes that she spent most of her life in 
the country on a farm. “If she has worked in one of our old-fashioned farm 
kitchens she will have inhaled a lot of smoke. These kitchens were small rooms 
with an open hearth, where a fire was kept burning day and night between two 
stones and the place was frequently full of smoke. There was no chimney. I 
have seen many of these kitchens in my young days; and as often as not they 
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were full of smoke. In the lungs of this woman, we found microscopically lots 
of black material, also in a lymphatic node from the neck. The fuel which was 
burned, and is still chiefly burned in the country, is peat. In spite of all the 
enormous amounts of peat smoke which must have been inhaled by our womenfolk 
in their old-time kitchens, cancer of the lung has been practically unknown 
among them”’. 

Leaf (1949) says that some of the old farmhouses, built of lava blocks with 
turf between in place of mortar, are now being preserved as national memorials. 
In one of these at Glaumbaer in Saudarkrokur about 130 miles north of Reykjavik, 
‘the fireplace in the main living room was constructed of brick standing well 
away from the wall, without a chimney, the smoke escaping as best it could 
through a hole in the roof’. Professor Dungal has procured for us for analysis 
some sooty material from the walls of one of these farms at Keldur Rangarval- 
lasysla in the south, about 60 miles east of Reykjavik. It will be of interest to 
compare the benzpyrene content of this material with that of coal soot in England. 

These descriptions of the conditions of life on the old farms can well account 
for the remarkably high carbon content of the women’s lungs, and the lower one 
for men, who would, except in the winter, spend less time indoors. 


SMOKING. 


In view of the suggested association between bronchial carcinoma and smoking, 
especially of cigarettes, the smoking habits of the small number for which 
adequate data were available were examined, although these are not, of course, 
statistically significant. 

Among men with bronchial carcinoma, 1 out of 8, and of those without 
bronchial carcinoma, | out of 5, was a non-smoker. In the group of women with 
bronchial carcinoma, 1 out of 5 did not smoke, and in the control group, 9 out 
of 11. These figures, especially for the women, show a higher proportion of non- 
smokers among persons without bronchial carcinoma. Dungal (1950) showed 
that in Iceland consumption of tobacco as cigarettes was very low, and Table 
\ shows that of the cases examined by us, 3 of the 4 men smoked, but all very 
little, 2 of them being pipe smokers, while none of the 4 women smoked at all. 

Doll and Bradford-Hill (1952) found that pipe smoking was less associated 
with bronchial carcinoma than cigarette smoking, possibly because the pipe-stem 
acts asa filter. In the small group studied here, the only 2 men who were “ pure ”’ 
pipe smokers were persons without bronchial carcinoma. In the group of men 
with bronchial carcinoma, none smoked a pipe only, | a pipe and cigars, | a pipe 
and cigarettes, 3 rolled their own cigarettes and 9 smoked manufactured cigarettes. 
Among 4 men without bronchial carcinoma, 2 smoked a pipe only and 2 smoked 
manufactured cigarettes. In the cases examined here, 8 out of 11 smokers were 
reported as having always inhaled. 

There appears to be no relationship between the number of cigarettes smoked 
in a lifetime and the amount of carbon accumulated in the lungs and bronchial 
glands (Fig. 2). The total carbon content of the lungs varied over a wide range 
for non-smokers ; all the points indicating a total consumption of more than 
200,000 cigarettes refer to men and women with bronchial carcinoma. The 
average daily consumptions were : males with bronchial carcinoma, 24/day (16 
cases); males without bronchial carcinoma, 12/day (5 cases); females with 
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bronchial carcinoma, 19/day (5 cases) ; and females without bronchial carcinoma, 
2/day (10 cases). 


Ash Content of the Lungs and Bronchial Glands. 


The nature of the ash deposited from the hydrolysates of these lungs has not 
been determined. Although about 10 per cent of the total carbon was contained 
in the glands, the fraction of the total ash present in them was about 20 per cent. 
This suggested that the bronchial glands were even more efficient in concentrating 
particles of mineral matter than they were in accumulating carbon particles. The 
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Fic. 2.—Cigarette smoking and the carbon content of human lungs. 


absolute values for ash in the lungs were very nearly the same in men and in 
women, but ash formed a higher proportion of the total deposit in the lungs of 
women ; namely, 23-9 per cent and 29-6 per cent of the total deposit for women 
without and with bronchial carcinoma, as against the corresponding figures for 
men, 18-0 per cent and 19-3 per cent. It seems possible that this may be due to 


the housewifely duty of cleaning grates, when a considerable quantity of ash might 
be inhaled. 


Microscopical Examination of Tissues. 


For a true histological estimation of the carbon present in the lungs, sections 
of the whole lung are essential, but in view of the chemical estimations required 
in this work, whole sections were not possible. As already indicated, only two 
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blocks of tissue were taken from the lungs for microscopic study, which showed a 
wide variation in the amount of carbon. For purposes of record, these variations 
were classified as (a) none or slight, (6) moderate, and (c) fairly marked. No 
dense diffuse carbon depositions such as are seen in the lungs of coal-miners or 
coal-trimmers were observed. For comparison with the histological findings the 
chemical results were divided into three groups, namely, those with a carbon 
content of (a) 0-49 g. or less, (b) 0-4 to 0-7 g., and (c) 0-8 g. and over. In general 
‘here was a fairly close agreement between the histological and chemical results 
in these categories. In class (a) the carbon content was more in the histological 
ection than the chemical results indicated in 2 out of 18 cases. In both 
-ases this divergence could be accounted for by localised areas of dense fibrosis 
which were heavily laden with carbon. In class (6) the results were in agree- 
ment in 11 of the 15 cases. In the other 4, very diffuse cancerous infiltration 
of the lymphatics was present and in these the carbon in the sections was less 
than was expected from the chemical result. In class (c) the results agreed in 
14 of the 17 cases ; in the remaining 3 cases the histological evidence showed less 
carbon than was expected from the chemical results and in these cases the 
\ymphatics were heavily infiltrated with cancer cells. The carbon in the sections 
-howed the normal distribution, being heavier under the pleura, around the bronchi 
and blood vessels and in the fibrous septa, than in the vesicular portions of the 
lung. 

The rocks of Iceland are of voleanic origin and the roads are metalled with such 
material which, due to weathering, quickly breaks down so that with the passing 
of traffic much dust is created. Probably road dust has become considerable 
in Iceland, where there are now 11,000 motor vehicles, only since the acquisition 
of American cars after the last war. In view of this the Icelandic lungs were 
submitted to a more intense microscopic study for the presence of silica and of 
iron. No evidence of silicosis was noted in any and doubly refractile granules of 
silica were very scanty or absent in all the sections. In only one case was iron 
found, apart from occasional heart-failure cells in the others. In this case the 
iron was present chiefly in the fibrous tissue of the septa and around the bronchi 
and blood-vessels in close association with carbon particles which the iron pigment 
appeared to surround. The case was a woman, aged 75, with a carbon content of 
0-73 g. and an ash of 0-55 g. For comparison with the Icelandic cases, 8 lungs 
were studied for iron from subjects in the British series. The British cases 
corresponded in age and sex to the Icelandic but, apart from some heart-failure 
cells, no iron was found in any case. 


Atmospheric Pollution. 


In considering the amounts of carbon found in these lungs, one is led to calcu- 
late the quantity of carbon in the form of smoke likely to be inhaled in a lifetime, 
and the fraction of it that is retained in the lung. 

Some short term is required to designate the suspended matter in the air of 
« town, and “smoke’’, to which various objections may be raised, is generally 
used. The Leicester Report (1945) says (p. 8) ‘‘ The word ‘ smoke ’ will be used 
throughout this report for the black suspended impurities collected and indirectly 
weighed by air filters. It is shown that the principal constituent of suspended 
matter is soot, so that ‘ smoke ’ describes it better than ‘ dust’ ”’. 
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Deposited and Suspended Matter in the Centre of Leicester during October, 1938. 


Per cent by weight. 
= 


Suspended Deposited 


Tar (soluble in CS,) ° 
Other combustible matter 


The composition of the “ smoke ”’ of Leicester is shown above. 

A very comprehensive study of atmospheric pollution in Leicester (1945) was 
carried out during 1937-38 under the direction of the Atmospheric Pollution 
Research Committee of the Department of Scientific and Industrial Research. 
This town was selected because of its medium size (population 260,000 ; diameter 
as a source of smoke, from 3 to 6 miles), its approximately circular outline, the 
unusual isolation from other large cities, and the location of almost all the factory 
chimneys within a mile from the city centre. Table VI summarises the data 


obtained. 


TaBLe VI.—Mean Concentration of Smoke, Leicester, 1937-39. (The stations 1-4 
are those nearest to the centre of the town.) 


Smoke mg. /100 
A. 


Stations 
Summer (May-Sept.), 1937 
1938 


Winter (Jan.—Mar.), 1937 
Winter (Nov.—Mar.), 1937-38 
1938-39 


Whole year 


Elsewhere in the report on Leicester (p. 123), a rather higher range of figures 
is given, of which the mean for the whole year would be 29 mg./100 m*. “In 
summer the mean smoke concentration at the centre of Leicester was 170 ~g./m*. 
The highest daily mean was 3-7 times as much. The highest hourly mean was 
7:1 times as much. In winter the corresponding concentrations were 410 for 
the mean, 4-4 times as much for the highest daily mean, and 5-4 times as much 
for the highest hourly mean.” The only other data of this kind which we have 
found are those of Meetham (1952, p. 134) who gives the following figures for 
suspended impurities “‘at street level in British towns” and in the country 


(Table VII). 


TaBLE VII.—Suspended Impurities (Meetham, 1952). 
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The Amount of Carbon Inspired in a Lifetime.* 


The “ Standard Man ”’ inspires about 20 m.° of air per day, which is 511,000 
11.3 in a lifetime of 70 years. This volume is about 4 times that of the Albert Hall 
» London. If this air contained the average amount of smoke found in Leicester 
(21-5 mg. in 100 m.*), the total amount inspired would be 110g. From the figures 
or the carbon content of the lungs examined (Tables II, III, IV) it is seen that 
only 0-25 to 1-0 per cent of this 110 g. is retained ; this gives some measure of the 
-fficiency of the nasal filter and of the mechanism by which particles which have 
reached the deeper respiratory passages are swept upwards again by ciliary action 
ond expectorated or swallowed. The most common site for cancer of the lung is 
stated to be the two main bronchiand their largest branches. When the floor of a 
room is swept towards the door, the part adjacent to the door is exposed to dirt 
irom a much larger area. Similarly, when particles of dust are arrested on the 
walls of the smaller bronchi and bronchioles, they are swept upwards by ciliary 
action through the main bronchi (the door) into the trachea, and carcinogens might 
uiffuse from the particles into the layer of mucus covering the bronchial mucous 
membrane during transit. Some such mechanism would be in accord with the 
statement about the site quoted above; but some recent investigators 
(Westermark, 1938; Raeburn, 1951; Raeburn and Spencer, 1953) think that 
tumours arise with about equal frequency in any part of the lung. 

The estimations of arsenic and of 3:4 benzpyrene in the air of large towns 
given in Table VIII are those of Goulden, Kennaway and Urquhart (1952) and 


Taste VIII.—Concentrations of Arsenic and of 3:4 Benzpyrene in Town Air. 
Mean concentrations, /100 m.* of air. 


Arsenic (As,O3). 3: 4 Benzpyrene. 
London ° 13- London (Becton) 1 
Bilston . London Hall) 
Liverpool . Leicester . 
ffield . ‘ Bilston 
London (County Hall) Burnley 
Hull Cannock . 
London (Crossness) 
Bristol . 


Mean . 


— 


Waller (1952). We do not know of any corresponding figures for purely rural 
areas. These mean concentrations (7-0 wg. arsenic (As,O;) and 3-1 wg. 3:4 
benzpyrene in 100 m.*) would give 36 mg. arsenic and 16 mg. 3: 4 benzpyrene in 
the 511,000 m.° breathed in a lifetime of 70 years. This amount of arsenic would 
be contained in 7 maximum doses of the Fowler’s solution of the British Pharma- 
copoeia (1 per cent As,O,) or in 720 cigarettes of the brands most commonly 
snioked in this country which contain an average of 50 wg. As,O, per cigarette 
(l’aff and Kennaway, 1950). Shear (1936) found that the minimum amount 
oi a strong carcinogen such as 1 : 2: 5:6 dibenzanthracene which will produce 
* Our earlier results, which were confirmed subsequently, were demonstrated at a 


meeting of the Pathology Section of the Royal Society of Medicine held at this hospital 
on January 15, 1952. 
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sarcoma subcutaneously in a mouse is less than 0-4 wg., an amount contained 
40,000 times in the 16 mg. of 3 : 4 benzpyrene which may be inspired in a lifetime, 
but in view of the vastly greater area over which this may be spread and the 
different time relations, one may doubt whether this comparison has any value. 


The Size and Arrest of Smoke Particles. 


The available data about the arrest of smoke particles in the air passages are 
very defective because we have not, to begin with, any adequate information 
about the size of these particles. The passages quoted verbatim below contain 
all the information that we have found on this subject. 

The Leicester Report says: “‘ The size distribution of smoke is a subject which 
still requires investigation. Green (1936) gives estimates for five industrial dusts 
from which it can be inferred that 50 per cent by weight of such dusts is less than 
3 to 10 microns, and 80 per cent is less than 5 to 15 microns in mean diameter. 
Atmorpheric smoke may be similar in size distribution but a direct investigation is 
still needed ... The smoke filter therefore is an efficient instrument for 
sampling suspended matter in the air of Leicester because there are not enough 
particles of sizes greater than 10 microns to matter ... ” (p. 14). ‘Smoke 
particles appear to have an average diameter of about 0-1 micron” (p. 71). 
Electron microphotographs of smoke showed (Meetham, 1952, p. 178) that ‘‘ when 
records containing about 100,000 particles were examined, it was found that half 
the individual smoke particles were smaller than about 0-075 micron ;* but half 
the weight of smoke was in particles larger than about 0-57 micron. Some of 
the properties of smoke depend on the area it can cover; half the surface or 
sectional area of the smoke was in particles larger than about 0-35 micron. There 
is a distinct tendency for smoke particles to stick together in chains, perhaps one 
micron long.” 

The comparison of such results obtained by different methods of arrest is not 
easy. Dr. E. T. Wilkins of the Fuel Research Station in London (personal 
communication), says ‘‘ There are, of course, certain difficulties in obtaining a 
particle size analysis of a filter-paper deposit and the only record we have relates 
to a sample collected by means of a thermal precipitator at Teddington in 1943. 
The particles which comprise this sample, when examined with an electron 
microscope, appeared to contain about 17 per cent by weight of particles greater 
than 0-4 ~, but I am not satisfied that this analysis could be considered typical’. 
The practical significance of the word “‘ average ”’ in relation to particle size is hard 
to define. 

Table IX comprises 2 sections : 

(a) Data for the arrest of particles in the respiratory tract taken from those 
collected by Davies (1949); it is not always clear whether such data rest on a 
deductive or experimental basis. Smoke particles having an average diameter 
of 0-1 yw. are in the range of size where there is minimum retention in the lung, 
80 per cent of them being exhaled and 20 per cent arrested in the alveoli. 

(b) The mean diameter of smoke particles and the range of particle size of 
carbon black which shows the greatest adsorption of 3 : 4 benzpyrene from benzene 
(Falk and Steiner, 1952). Under certain conditions the hydrocarbon could not 
be eluted from particles 10-17 my. diameter; we do not, of course, know if the 


* This is 1/100 of the average diameter of a human red blood corpuscle (Fig. 3). 
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TaBLe [X.—The Arrest of Particles in the Respiratory Tract. 
Site of arrest. 


Bron- Per- 


itadius of Mechanism of N Bronchi’ chioles. Alveoli. centages 
exhaled. Remarks. 


particle. arrest. (per t). (per cent). 
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Brownian 
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b) O-1- 
0-075 u Average diameter of smoke particle (see p. 52) 


Carbon 


Black 
0-01-0-017 » Complete adsorption of 3 : 4 benzpyrene under certain conditions (Falk and Steiner, 
1952). 


compound thus adsorbed would be carcinogenic. The average smoke particle is 


ten times this diameter. 
The sizes of some of the particles mentioned in this section are shown in Fig. 3. 


Limit of microscopic 
visibility 


Average smoke particle @ 
Carbon black * 
J 
3 2 1 4. 


Fic. 3.—Size of particles. Carbon black indicates particle within range (10 to 17 mu.) giving 
maximum adsorption of 3 : 4 benzpyrene. 
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SUMMARY. 


1. Estimations of carbon have been carried out on the lungs and bronchial 
glands of 50 persons. This number is, of course, statistically inadequate, but the 
results are brought forward now in view of the difficulty in obtaining suitable 
material. 

2. This material was obtained from hospitals in London (42 cases) and in 
Iceland (8 cases). 

3. The organs were hydrolysed by alcoholic KOH. The solid residue. 
separated by centrifugation, was washed with various solvents, dried, weighed and 
combusted. The material lost on combustion was reckoned as carbon and the 
remainder asash. This ‘‘ carbon ”’ yielded about 70 to 80 per cent of the calculatec. 
amount of CO,. Carbon, in the form of sugar charcoal, added to such mixtures was 
quantitatively recovered by this technique. 

4. Various categories, i.e., men and women; persons with and without 
bronchial carcinoma ; smokers and non-smokers ; residents in town and country, 
were compared as far as the data allowed, and the occupations noted. 

5. The mean total amount of carbon in the lungs and bronchial glands is, 
in the material from hospitals in London, higher in men than in women. The 
cases of bronchial carcinoma show, in comparissn with controls, smaller amounts 
in men and larger amounts in women. About 10 per cent of the total carbon was 
contained in the lymph glands. The material from Iceland, which included no 
cases of bronchial carcinoma, showed the reverse relation between men and women; 
this difference might be explained by the conditions of rural life in that country 
in the recent past. 

6. Though the material was not statistically adequate, the smoking histories 
of the cases examined showed a higher consumption of tobacco among both men 
and women with bronchial carcinoma compared with the controls. The amount 
of carbon in the lungs showed no relation to tobacco consumption. 

7. A relationship was apparent between the accumulation of carbon in the 
lungs and the duration of life in London or other large towns. 

8. The histological distribution and abundance of carbon particles was 
compared with the results of the chemical analyses. 

9. If the carbon in the lungs and bronchial glands does not leave the body 
by any channel the amount found post-mortem represents what is retained out of 
the intake of a lifetime. The data now available for atmospheric pollution in 
some English towns allows an estimate to be made of the amount inspired during 
a lifetime in them ; this might be of the order of 100 g., while the quantity found 
in the lungs and bronchial glands was approximately 0-5 to 1-0 g. The difference 
between these two amounts is a measure of the efficiency of the mechanisms in the 
nasal and tracheo-bronchial mucous membranes for the arrest and expulsion of 
particles. 

10. Statements collected from the literature indicate that particles of more 
than 5 diameter are stopped more or less completely in the nose ; smaller ones 
penetrate into and are arrested in the respiratory passages to varying degrees 
according to size. 

11. The data available on the size distribution of smoke particles in the air 
of towns are very scanty indeed, and one cannot with much success apply the 
data given under (9) above to decide the proportions of such particles arrested 
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in the nose and in the deeper respiratory passages respectively. The average 
diameter of smoke particles so far observed in the electron microscope has been 
about 0-1 ~, and one half of them measure less than 0-075 yw, while about one 
ialf the weight of smoke is made up by particles of more than 0-5 ~ diameter. 

12. Estimations of 3:4 benzpyrene and of arsenic in the suspended matter 
of the air of various English towns enable one to calculate the amounts of these 
ompounds which would accompany the carbon inspired, and retained, in a 
lifetime. 


We wish to express our gratitude for the materials and case histories which 
have been the subject of this investigation to Professor Niels Dungal of Reykjavik ; 
to Dr. Horace Joules of the Central Middlesex Hospital, London, and to two 
members of his staff, Dr. A. D. Abdullah and Dr. W. T. U. Pagel; and to Pro- 
fessor W. D. Newcomb and to the Lady Almoner, Miss E. MacKenzie, of St. Mary’s 
Hospital, London. We wish to thank also the British Empire Cancer Campaign, 
the Medical Research Council, and the Anna Fuller Fund for grants which have 
enabled us to carry out this work. 
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AN investigation has been made into the distribution of malignant neoplasms 
of various body sites with relation to the kinds of soils at the homes of persons 
who died of cancer during the ten years 1943-52 and consideration has also been 
given to the influences of water supply and social class. The work was under- 
taken as a collateral contribution to a wider scheme planned in 1952 by the 
Cheshire and North Wales Branch of the British Empire Cancer Campaign. 

For research into the pathogenesis of cancer the Branch Council required 
among many other things a laboratory analysis of soil taken from the vicinity 
of the home of each patient. There was no precedent for the sort of analysis 
most suited to the project, previous workers in this field having been content 
with simple and often crude analyses or with the more detailed examination 
of too few specimens. It was clearly impossible to make a full physical and chemi- 
cal examination of all the solid, liquid and gaseous phases of every soil sample 
as several thousands were to be examined, so with some slight modification the 
analytical procedure of the Soil Survey of England and Wales* was adopted at 
first. 


It was felt, however, that an investigation of fatal cases of cancer in relation 
to soils as mapped by the late Professor G. W. Robinson and his colleagues at 
Bangor, might show which methods of testing and classifying soils were likely 
to be the most useful. Anglesey was chosen for this because it is one of the few 
counties where the soils have been completely mapped in sufficient detail, because 
the records of all cancer deaths during ten years were available, and because 
facilities existed for close collaboration between two authors with the necessary 
knowledge to translate the medical and pedological data into a form suitable for 
statistical study. 

Since some years must elapse before the results of the British Empire Cancer 
Campaign project can be reported, the publication of this preliminary study may 
serve to indicate lines for future research on environment and cancer. 


Classification of soils. 

The method of classification of soils is derived from that originally developed 
in the United States Soil Survey and employed by the Soil Survey of England 
and Wales. Soils are defined in terms of the soil profile, i.e., the vertical succes- 
sion of horizons from the soil surface down to the unchanged parent material. 
Soils with similar profiles derived from similar parent materials under similar 


* The Soil Survey of England and Wales now directed from Rothamsted Experimental Station, 
Harpenden, Herts, formerly directed by Professor G. W. Robinson at Bangor. 
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conditions of development as influenced by climate, vegetation and drainage 
‘re conveniently grouped together as a soil “series.” Ideally members of a 

eries do not differ among themselves, except to a small degree in texture, though 
under agricultural conditions differences in crops and their husbandry may cause 
occasional differences in content of plant nutrients and organic matter. 

In Anglesey the differentiation into soil series is largely dependent on only 
‘wo factors, parent material and condition of drainage, since the variation in 
-limate over the island is small and the vegetation is uniformly that characteristic 
of the humid western seaboard. 

The parent materials commonly found are detailed later (see also Table II). 
\Vith the exception of blown sand and alluvium they occur in most places as 
zlacial drift but, as the dominant direction of ice movement (N.E. to 8.W.) is 
also the dominant trend of outcrops over much of the island, less mixing of 
materials has resulted than might be expected and the deposits are to be found 
lying in fairly clearly defined strips. The undulating ground with its many 
rock outcrops and deep pockets causes very frequent and sharp changes in depth 
of soil and drainage, so that a single soil parent material may give rise to a number 
of soil series in quick succession. Characteristically there may occur a shallow 
soil often stoney, followed by a freely drained loam, then a loam with some 
impedance of drainage below 12 to 18 in. and finally a heavy clayey loam seasonally 
wet to the surface, as one moves from high ground to low. 

Such is the division into series commonly adopted in mapping, though in the 
field these changes are nearly always gradual and rarely discontinuous. For any 
given parent material these changes correspond in terms of plant growth to a 
transition from a shallow and stoney soil liable to summer drought and so to a 
check in growth, through one with sufficient depth and aeration and natural 
reserve of moisture for continuous growth to one which, being waterlogged late 
into the spring and early in autumn, has a shortened season. 


Data on cancer mortality. 


Information relating to fatal cases of cancer was obtained from two sources ; 
the monthly returns made to the county medical officer of health by the local 
registrars of deaths, and a register, kept in the county health department, of 
deaths notified by the Registrar-General as being “ inwardly transferable’. 
These two sources enabled every deceased person, properly regarded as ordinarily 
resident in the county, to be identified by cause of death, age, sex, occupation 
and home address. Every case where cancer was mentioned on the death certi- 
ficate, even when not the immediate cause of death, was included in the analysis, 
except that those occurring in the county of persons ordinarily resident in other 
areas were excluded. 

Cancer was defined as any condition named in No. 140 to 205 inclusive of the 
international Statistical Classification of Diseases, Injuries and Causes of Death, 
1948. Neoplasms were excluded when not clearly described as malignant by 
the death certificate; three deaths were so excluded. Cancers of multiple 
sites were divided as follows: where cancer of one site was a common secondary 
to that of another, the death was recorded as due to the natural primary, other- 
wise the deaths were allocated to the group “ multiple sites”: 7 deaths were so 
allocated. The distribution of all cancer deaths included in the analysis is shown 
in Table I by age, sex and site of cancer. 
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TaBLE I.—Cancer Deaths in Anglesey, 1943-1952. 


Males. 
* 


Internat. 
Site. list number. 

Buccal cavity and 140/148 
Oesophagus ‘ 150 
Stomach . 
Intestines except rectum . 152 /3 
Rectum. 154 
Other digestive system. 155/159 

nx 
Lung, bronchus trachea 
Other 
Breast 
Uterus 
Ovary 
Other female genitals . 
Prostate . 
Other male genitals ° - 178/179 
Urinary organs . . - 180/181 
Skin . 
Nervous system and eye 
Endocrine system 
Bones 
Other and ill-defined 
Hodgkin’s disease 
Leukaemia 


Other lymphatic system 
Multiple sites 


45-64. 65+. 
20 


| | | 
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The observed distribution of deaths by site of cancer and by the other attributes | 
under examination was compared with an expected distribution. The differences ~ 
between observed and expected values were subjected to the chi-squared test 
to determine the probability of such differences arising as a result of random 
fluctuation. These are the probabilities quoted in the tables that follow. The 
expected distributions were calculated on the hypothesis that the proportion of 
cancer of Site A having Attribute B was the same as the proportion of all cancer 
having that attribute, ie. that cancer of Site A would be no more associated 
with Attribute B than would be the generality of cancer deaths. In all compari- 
sons, unless the contrary is indicated, allowance was made for variations attri- 
butable to age and sex by calculating separately an expected number for six age- 
sex groups and then adding. The age groups used were 0-44 years, 45-64 years 
and 65 years and over. Where it was desired to allow for a possible interaction 
between associations, expected values were adjusted. For example, if cancer of 
Site A had shown an association with both Attribute B and Attribute C considered 
singly, and Attributes B and C were known or suspected to be associated one with 
the other, adjusted distribution of expected values with respect to B were 
determined as follows. The distribution of cancer of Site A with respect to Attri- 
bute B were calculated separately for the various categories of Attribute © 
making allowance for age and sex variations and then these expected numbers 
were added together. Adjustments were made for more than one attribute by 
an extension of this process. 
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Data on soils. 
The lettering and numbering of soil series used in the original “ six-inch ” 
maps is retained. Thus series having a common parent material geologically, 
are all indicated by the same capital letter, e.g., all derived from non-calcareous 
shales of Ordovician age are indicated P. The freely drained soil formed on this 
material weathered in situ is the P series. Further modifications are then shown 
by adding subscripts to P. Where the freely drained soil is on glacial drift (of 
he same material) it is called the P, series, if there is impedance of drainage 
evident in the subsoil it is the P,, series, when impedance shows to the surface 
and the soil is seasonally very wet it is the P, series. Occasionally soil wet at 
all seasons is encountered giving the P, series. 

The first examination of cancer and soil series data suggested the desirability 
of combining some of the soil series together. This was best achieved by cutting 
the succession of soil series for each parent material at two points to form three 
groups. 

At one end of the sequence were those soils subject to late spring and summer 
drought by virtue of shallowness or excessive drainage, in the middle those soils 
which because of the equable distribution of moisture in the profile at all seasons 
had a continuous period of plant growth and biological activity, at the other 
end those soils with a prolonged wet season by virtue of poor drainage. These 
are designated the a, # and y groups respectively. Table II shows the division 
into groups used for soils of this investigation, and also shows the dominant soil 
parent materials. 


TaBLE Il.—Distribution of Soil Series using the Series Letters, etc., from the 
“* Six-inch” Soil Map, showing also the Dominant Parent Material. 


Dominant parent materials. a soil group. 6 soil group. y soil group. 
Schists of the Mona . A, rocky, A, . A,-Agg, - Ag, A, 
{ Complex thin, A, ‘A, 
sandy, ‘A,B,, 
A, A,. Ag, sandy. 
B igneous rocks and . B, rocky, B, B, . B,P,, Byq,  - B, 
quartzite 
Carboniferous Limestone . G+ G,thin,G, . G,,E Gog 
G< and other calcareous sandy, G,H. 
sediments 
p JNon-caleareous shales . Pas Pos 
of Ordovician age 
marls 
Remainder - Blown sand, 1 ‘ Alluvium, 
quartzite, N,. N,-Nag N3- 


Soil and cancer site. 
Table III gives the observed and expected distributions of the total cancer 
deaths for the major cancer sites in each of the three soil groups. For only 
two is there a significant departure from expectation : 
(a) Cancer of the stomach where there is a relative excess of deaths seen on 
# soils and a deficiency on soils « and y. 
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(b) Cancer of the breast where there is an excess on « soils and a deficiency on 
f and y soils. 


TaBeE III.—Cancer of Major Sites and Soil Group. 


Soil. 
Probability 


Cancer site. (n = 2). 


Intestines except rectum . 66 . P>0-7 
Other digestive system 0:35 . 0-9>P>0-8 
Lung, bronchus and trachea 3-47 . 0-20> P>0-10 
Brest. 9-29 . 0-01> P >0-001 
Uterus. 2:10 . 0-5>P>0-2 
All other sites . . : : 3:90 . 0-2>P>0-1 
All sites 

Social class. 

Social class was determined by the Registrar-General’s 1950 Classification of 
Occupations, that of each married woman by the occupation of the husband. 
Persons described as of “independent means” and “no occupation” were 
allotted to Classes I-II and IV-V respectively. Expected values were calculated 
on the assumption that cancer of any given site was not associated differently 


with social class from cancer of all sites, allowance being made as before for age 
and sex. The results appear in Table IV. Cancer of the stomach was the only 


TaBLE IV.—Cancer of Major Sites and Social Class 
(Registrar-General’s classification). 
Social class. 


Probability 
Cancer site. I-II. III. 4 (n = 2). 


Ocsophagus 0-9> P >0-8 

Stomach . 0-01> P >0-001 
Intestines except rectum . ™>P>0-5 
8>P>0-7 


2>P>0-1 


Rectum . 

Other intestinal 
Lung and bronchus 
Breast 5> P >0-3 
8> P>0-7 


8>P>0-7 


“4 
“9 
“7 
“7 


0- 
0- 
0- 
0-2>P>0-1 
0- 

Uterus 0- 

0- 


All other sites . 


0-1 
All sites 
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form of cancer which showed a significant deviation of observed from expected 
values using this classification. 

In Anglesey a large proportion of the population is engaged in agriculture or 
allied work. There is a very wide economic range among these people though 
ne average farm is small. The inclusion of many of this large group in social 
“lass II was therefore open to question. These considerations and our special 
interest being in the association between cancer of the stomach and soil, suggested 
‘hat it might be advisable to treat separately those occupations which bring 
the person into intimate connection with the land. The grouping eventually 
adopted was fourfold : a group “L”’, consisting of agricultural and allied occupa- 
‘ions coded by the Registrar-General as 010-040 and 861, and the remainder of 
Social Classes I + II, III, IV + V. (To avoid confusion the classes so modified 
will be referred to as social groups.) Table V gives the results using this modified 


social grouping. 


TaBLE V.—Cancer of Major Sites and Social Group (modified classification). 
Social Group. 
Probability 
Cancer site. * Lt Iv-v.t . 2. (n = 3). 
Ocsophagus . 0-16 . 0-:99> P >0-98 


Stomach 23-68 . P<0-001 


Intestines except rectum 1-27. 0-8>P>0-7 
Rectum 


Other digestive tract 


1:05 . 0-8>P>0-7 
3-18 . 0-5>P>0-3 
Lung and bronchus 9-96 . 0-02> P>0-01 


Breast 5-24 . 0-2>P>0:1 


Uterus 0-38 . 0-95> P >0-90 
All other sites 
Allsites . . . 328 


* Registrar-General’s Classes I and II less occupation groups 010, 011, 020. 
+ Registrar-General’s Class III less occupation groups 013, 014, 022, 030, 861. 


t Registrar-General’s Classes IV and V less occupation groups 012, 015, 019, 021, 029. 


E. 
oO. 
E. 
E. 
oO. 
Oo. 
E. 
oO. 
E. 
oO. 
E. 
0. 
E. 
oO. 
E. 
oO. 
E. 


0-82 . 0-:9>P>0-8 


Cancer of the stomach shows a highly significant association with social group. 
In cancer of the lung and bronchus also the distribution is not likely to be a 
random one. The trend in breast cancer is of interest in that it is opposite to 
‘hat in cancer of the stomach even though the departure from expectation does 
not reach conventional levels of significance. 


Vater supply. 

The evidence for a relationship between soil and cancer site suggested examina- 
tion for an association of cancer with the kind of domestic water supply. Data 
permitted only a two-fold grouping, (1) public mains, (2) other sources (wells, 
springs, stored rain-water). 
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The public mains are supplied for the most part from surface water such as 
small lakes fed by streams and springs. There is an exception where two small 
centres get their water from deep bore holes but the populations are too small 
to be separated in the analysis. The distinction between mains water and “ other 
sources ” is largely a matter of pollution rather than origin; the public main 
supplies are treated and controlled, whereas “other sources” are subject to 
occasional pollution. 

Table VI is similar in construction to Tables III to V and compares the observed 
and expected distribution of deaths by site for the two categories of water supply. 
Cancer of the stomach is the only one to depart significantly from expectation, 
showing a relative deficiency of cases for public mains and an excess for “ other 
sources’. Cancer of the breast shows a tendency towards the reverse association 


though not quite reaching significance. 


TaBLE VI.—Cancer of Major Sites and Water Supply. 
Water supply. 
Public 
Cancer site. ins. x 5 Probability (n = 1). 


Ocsophagus 0-8 >P>0-7 
0-01> P >0-001 


Stomach . 


Intestines except 
rectum 
Rectum 


0-5 >P>0-3 
0-7 >P>0-5 
Other intestinal 0-9 > P>0-8 


Lung, ete. 0-5 >P>0-3 


Breast 0-1 > P >0-05 
Uterus 0-98> P >0-95 


All other sites 


oO. 
E. 
oO. 
E. 
oO. 
E. 
oO. 
E. 
oO. 
E. 
0. 
E. 
oO. 
E. 
oO. 
E. 
oO. 
E. 


0-5 >P>0-3 
All sites 


In view of the association shown by cancer of the stomach and cancer of the 
breast with soil and with social group, the relationship between these two types 
of cancer and water supply was re-examined making allowance for variations 
arising from soil and social group in the two kinds of water supply. The adjusted 
distribution of expected values is shown in Table VII. When allowance is made 
for social group and soil, the association between cancer of the stomach and cancer 
of the breast and water supply is no longer evident. 


TaBLeE VII.—Cancer Site and Water Supply (adjusted for soil and social group). 


Public Other Probability. 
Site Mains. sources. z. (n = 1) 


Stomach: 0. . . 110 . 208 

Breast (female deaths 

} 0-28 . 0-70> P >0-50 


only) : 

45:3 . 45-7 
All sites (female 255 323 
deaths 
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oil and cancer of the stomach. 

A similar process of adjustment was applied to the association between cancer 
{the stomach and soil to allow for differences in both social group and water 
apply distributions. The results are shown in Table VIII. 

The relative excess of cancer of the stomach on f soil which was found for the 

iadjusted data (Table III) is still evident, though manifest mainly at ages of 
years and over. 


aBLE VIII.—Cancer of the Stomach. Distributions by Soil (adjusted for social 
group, water supply, age and sex). 
Soil. 
- A Probability 
a. B. (n = 2) 


Both sexes a ‘oot 


Stomach: O. - 115 165 
142-0 46-6 } 
Allsites . .498 480 170 


Both sexes (age up to 65 


15-1 } 0-51 . 0-8>P>0-7 


Both sexes 
over)— 
Stomach: O. . . 65 
} 12-32 .0-01> P >0-001 
Allsites . . . 284 104 


In Table IX the social groups and the sexes have been considered separately, 
but as « and y soils showed deviations in the same direction these two are combined. 
From this it is seen that the association with £ soil is shown by both sexes. The 
social groups, however, show certain interesting differences. In Group L there 
does not appear to be any association with # soil. There is a relative excess of 
deaths in the other three groups although only in Group III is this undoubtedly 
significant in the statistical sense. 


Soil and cancer of the breast. 

When corrections are applied for social group and water supply it is found 
that the association between cancer of the breast and a soil as compared with all 
other forms of cancer is still present (Table X). When the social groups are 
considered separately it is found that Group L does not show this association to 
the extent that it is shown by the others. 


Soil parent material. 

The nature of the parent materials of Anglesey soils has been referred to earlier. 
Yor further examination six groups were made according to the substances 
‘ominant in the parent material : 


Group A: Schists of the Mona Complex. 

Group B: Acid igneous rocks and quartzite. 

Group G: Carboniferous Limestone and other calcareous sediments. 
Group P: Non-calcareous shales of Ordovician age. 

Group 8: Triassic sandstones and marls. 

Remainder : Blown sand, marine and river alluvium, etc. (Table I). 
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TaBLe [X.—Cancer of the Stomach—Distribution by Soil (Adjusted for age, 
Sex and Water Supply) Social Groups considered separately. 
Soil. } 
Probability 
(n = 1). 


. 0-20> P >0-1 


. 0-70> P >0-50 


95-7 
319 


84 5-87 . 0-02> P >0-01 


69 

80-3 } 4-98 . 0-05> P >0-02 
249 
* See note beneath Table V. 
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TaBLE X.—Cancer of the Breast (Female Deaths only)—Distribution by 
Soil Group (adjusted for age, social group and water supply groups). 


Soil. 
A Probability 
B. (nm = 2). 


All social groups 
Breast : O. 8 


Allsites 87 
Social groups except L.— 
Breast: O. 22 7 
Allsites . . .210 172 67 


Social group L.— 
Breast : O. 


5 1 

E. . 56 1-9 } 0-06* . 0-9> P >0-8 
54 55 20 

* When £ plus » is compared with a(n = 1). 


All sites 


The association between cancer of the stomach and f soil has already been 
shown. To see if this association was influenced by the geological nature of the 
soil parent material the distribution of cancer of the stomach by parent material 
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Stomach - oa . @ 30 
Allsies  . . 19 204 
Iv-v* 
Allsites .  . . 152 170 
Stomach . O . 44 
E. . 46-0 54-0 os 
Allsites . 136 157 
All social 
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Males 
Stomach - . & 
ta. E. . 82-3 
Females 
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Allsites . . 


CANCER AND SOILS IN ANGLESEY 65 


vas compared with the expected distribution after allowance had been made for 
- cial group and soil (Table XIa). Cancer of the stomach is commoner in Group 
+. The result of further examination for f soil separate from « plus y is shown in 
‘ables XIsp and XIc. The association of cancer of the stomach with group P 
»arent material is evident only on soils. 

A similar calculation was applied to the female deaths from cancer of the 
veast and Table XIp gives the distribution of these deaths by soil parent material, 
-ompared with the expected distribution after adjusting for social group and soil. 
‘he numbers in the categories other than A are small but the agreement with 


«<pectation appears to be reasonably good. 


TaBLE XIa.—Cancer of the Stomach—Soil Parent Material (adjusted for social 
group and soil). 
Soil parent material 


A. B. G. P. 8. 


Stomach: O. 207 12 31 27 32 9 318 
E. - 220-6 15-5 25-5 18-7 29-6 8-2 . 318-1 


Allsites . . 805 55 75 58 116 39 . 1148 
If P soil is compared with the remainder, n = 1, x7 = 5-75 and probability is 0-02> P >0-01. 


TaBLeE XIs.—Cancer of the Stomach—Soil Parent Material—f Soil (adjusted 
for social group). 


Soil parent material. 


B 

Stomach: O. ‘ ‘ 1 
E. 1- 

5 


All sites 
If A and B, 8 and R figures are combined, n = 3, x7 = 10-32 and probability is 0-02> P <0-01. 


TaBLE XIc.—Cancer of the Stomach—-Soil Parent Material a plus y Soil 
Group (adjusted for social group). 
- Soil parent material. 

“A. B. G. P. R. 
Stomach: O. . . 108 11 6 6 16 6 . 153 
E. . . 108-2 13-6 5-7 48 14:8 6-2 . 153-3 

Allsies . . . 477 50 20 15 73 33.668 

2 = 1-31; n=5; 0-95> P >0-90. 


TaBLE XIp.—Cancer of the Breast (Female Deaths only)—Soil Parent 
Material (adjusted for social group and soil). 
Soil parent material. 
B. G. P. 


Breast: O. 


All sites 


G. 8. R. 
25 21 16 3 ‘ 165 
9 19-8 14-1 14-8 2:0 . 165 
en 6 3 1 6 2 . 
h E. ‘ . 68-9 4-7 4-2 3-1 6-8 3-3. 91 
—F 28 28 26 61 21 578 
not calculated. 
5 
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CONCLUSION AND SUMMARY. 


Fatal cases of cancer, occurring in Anglesey during ten years, have been 
examined with respect to the soil at the home of each deceased person, the domestic 
water supply, the social class or group, and the geology of the soil parent material. 

The analysis of mortality from cancer of particular sites was made in comparison 
with that for cancer of all sites taken together. It was not possible to relate 
cancer mortality to the populations at risk living on the different soil groups 
in the different social classes, etc. 

Cancer of the stomach and cancer of the breast were each found to be associated 
with a group of soil series. Associations were also demonstrated for these two 
cancer sites with respect to water supply and social class or group. Cancer of 
the lung and bronchus showed some association with social group. 

The association with soil, in the case of stomach and breast, was independent 
of social group and water supply. 

For cancer of the stomach the association with soil was shown by each sex 
but was statistically significant only for those aged 65 and over. 

The Social Group L, of persons having close connection with the land, did not 
show this association with soil group either for cancer of the stomach or cancer 
of the breast. 

When allowance was made for social class and soil, association between 
cancer of the stomach and the soil parent material was shown only by the 
Geological Group P (mainly non-calcareous Ordovician shales). 

The kinds of soil which are positively associated with cancer of the stomach 
(referred to as # soils) show great biological activity over a long season. In 
general # soils have a high content of organic matter but the converse is not 
necessarily true since high content of organic matter—and “Joss on ignition ” 
which is often wrongly used to measure it—may arise from a great variety of 
conditions. 

The chain of soil series on each parent material has been divided at two points 
in a fashion that fits Anglesey. It would be dangerous to assume that division 
would occur at the same points in other counties. Allowance, requiring specialist 
local knowledge, would be needed for differences in altitude, topography, aspect 
and climate in order to arrive at the proper grouping of a, f, and y soils. 


The authors are grateful to Dr. Percy Stocks, C.M.G., M.D., F.R.C.P., and to 
Dr. F. Smithson, D.Sc., F.G.S., for their helpful advice, encouragement and kindly 
criticism. 
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THE IDENTIFICATION OF CARCINOMA CELLS 
IN THE SPUTUM. 


F. R. PHILPS. 
From the Department of Clinical Pathology, University College Hospital. 


Received for publication December 5, 1953. 


Ow1ne to recent improvements in surgical technique the chances of success- 
‘ul intervention in bronchial carcinoma have much improved, and the need for 
arly diagnosis has correspondingly increased. The early recognition of malig- 
nancy, however, may be very difficult and it is hoped that the method described 
in this paper may be a help towards diagnosis. It does not replace histological 
cxamination of material removed at bronchoscopy, but when no tumour can be 
seen through the bronchoscope, or when histological examination reveals no 
iumour tissue, it can be of great value. 

When there is some contra-indication to bronchoscopy, the demonstration 
of carcinoma cells in the sputum may be the sole means of establishing a diagnosis. 

The demonstration of atypical epithelial cells in the sputum of a patient suffer- 
ing from bronchial carcinoma is not new. Hampeln in 1887 described a case in 
which such cells were found. The same writer (1897) and Betschardt (1895) 
again refer to the occurrence of neoplastic cells-in the sputum of patients with 
bronchial carcinoma. Hampeln in 1918 reported a series of 75 patients suffering 
from bronchial carcinoma, in 25 of whom the sputum was examined for carcinoma 
cells. A positive result was obtained in 13 of the 25 cases. 

In 1935 Dudgeon and Wrigley published details of a simple staining method 
that could be used on sputum films, in which they employed haemalum and eosin. 
They also described some varieties of neoplastic cell found in the sputum. Subse- 
quent papers (Dudgeon, 1936; Barrett, 1938) enlarged upon the original work. 
At about the same time, Gloyne (1937) described the cytology of sputum with 
special reference to neoplastic cells. Since then, papers on the subject have 
been published in a number of countries, including Britain (Gowar, 1943; Bamforth, 
1946; Schuster, 1947; Perrin and Littlejohn, 1950), America (Herbut and Clerf, 
1946; MeKay, Ware, Atwood and Harken, 1948 ; Liebow, Lindskog and Bloomer, 
1948; Papanicolaou, 1949; Foot, 1952), Germany (Schmidtmann and Sauer, 
1952), Russia (Altgauzen, 1939) and Denmark (Wandall 1943, 1944). The last- 
mentioned paper is quite outstanding and forms a valuable work of reference 
on this subject. It has a full bibliography, particularly of the continental 
literature. 

The proportion of cases of bronchial carcinoma that can be discovered by 
sputum examination has varied in the hands of different workers. For example, 
Perrin and Littlejohn (1950) obtained a positive result in 60 per cent whereas 
Wandall (1944) discovered 84 per cent in this way. 

All of the reports to which I have had access have shown that occasionally 
a false positive diagnosis is made by sputum examination. While it is clear 
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that such mistakes are more likely to be made by an inexperienced worker, there 
remains the risk that even when the pathologist has considerable experience, jj 
errors may still occur. Hence the desirability of histological confirmation of | 
the diagnosis. 

The methods described in this paper can be used for examining either sputura 
or bronchial secretion aspirated through a bronchoscope. Herbut and Cleif 
(1946) point out that patients with early bronchial carcinoma frequently have 
no sputum and advocate the examination of bronchial secretion. In my hands the 
examination of sputum has been more successful and has sometimes been positive 
when examination of bronchial secretion has yielded a negative result. One 
virtue of sputum examination is that it causes no discomfort to the patient. 

The purpose of this paper is to present photographs and descriptive notes 
of the cells found in the sputum in both malignant and non-malignant conditions, 
to indicate those cells which have proved reliable in the diagnosis of bronchial 
carcinoma, and to stress the difficulties of the method, with special emphasis 
upon appearances which may lead to a false positive diagnosis. Details are given 
of the technique used, and the amount of time required for the examination is 
discussed. 

I have been concerned with the diagnosis of bronchial carcinoma only, but 
carcinoma cells from growths in the upper respiratory tract may also be found 
in the sputum. For descriptions of these cells, the paper by Friedmann (1951) 
should be consulted. 

In order to gain experience of the appearance of carcinoma cells during the 
first year of this work, all bronchial carcinomata removed at operation or found 


at post-mortem were examined by making smears of the cut surface of the tumour. | 
These were stained by both of the methods described in this paper. 


The Sputum Specimen. 


It is essential that only true sputum, containing a large proportion of bronchial 
secretion, be examined. The routine is simple for patients who are in hospital. 
A specimen coughed up in the early morning, before any food or drink is taken, 
and before the teeth are cleaned, is sent to the laboratory. Very often, although 
the specimen is produced before breakfast, it is found to contain particles of food 
material unless the patient has been warned to eat nothing on waking. Speci- 
mens that contain particles of food visible to the naked eye should usually be 
rejected, but when a patient has very little sputum, any specimen that can be 
obtained should be examined. 

Out-patients can be given containers and instructed to bring their sputum 
in them, but it is important that specimens so produced reach the laboratory 
as soon as possible, and certainly within 24 hours of being coughed up, otherwise 
infection and autolysis may destroy the cytological picture. 

Specimens sent through the post, particularly in the winter, are occasionally 
satisfactory, but if long delayed they are useless. 

The whole success of sputum examination for carcinoma cells depends in 
the first instance upon the selection of a suitable piece of the specimen for | 
microscopical examination. In order that it may be clearly seen, the specimen 
is transferred to a Petri dish and examined against a dark background. A hand- 
lens may be of assistance. 
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Areas which contain a large number of macrophages can usually be seen in 
. transparent specimen as circumscribed, globular, often pigmented masses 
y hich can be seen either with the naked eye or with the lens. These globular 
yvasses seem never to contain carcinoma cells and are best avoided. 

The parts of the specimen which are more likely to show carcinoma cells 
« ntain streaks or threads of white or greyish material. In particular, if there 
» e minute threadlike pieces, just visible to the naked eye, which possess suffi- 

ent strength to resist breaking when stretched, these should be selected for 
.,ieroscopal examination. This point was made clear to me by Mr. A. W. Smart 
' the London Chest Hospital, and I have proved its value many times. If the 
,utum contains pieces of tissue visible to the naked eye, these should be taken 
‘or examination, but such fragments are rarely found. 
Dudgeon and Wrigley (1935) emphasise the fact that blood-streaked pieces 
' sputum, when they are present, should be selected. My experience bears 
‘sis out, but it has been found that deeply blood-stained areas seldom yield 
a positive result. A mucopurulent piece that is slightly tinged should be taken 
if it ean be found. 

If the specimen be frankly and uniformly purulent, then there is no alter- 
native but to take a piece of it at random. Under these circumstances the 
chance of finding neoplastic cells is not good, but on occasion they may be found, 
and are often of squamous type. 

It has been found that sputum produced during the first few days after the 
patient has had a bronchoscopy is unsuitable for examination for carcinoma cells. 
it contains a great deal of cellular material shed from the tracheal lining and the 
chance of finding neoplastic cells is therefore reduced. I h2ve made it a practice 
not to examine sputum until a week has elapsed after broivhoscopy. 

The most suitable instrument with which to handle sputum is a pair of dissect- 
ing forceps that have been sharpened to a point on a grindstone. After a little 
practice, minute pieces of the specimen can be cut out and manipulated with ease. 

The piece of sputum removed from the gross specimen is placed on a slide, 
thoroughly mixed with the help of the forceps, and half of it transferred to a 
second slide. One of these is stained with methylene blue (see below), and 
the other smeared carefully into as even and thin a layer as possible, and placed 
while still wet into fixative preparatory to staining with haemalum and eosin. 

It is essential that precautions be taken to avoid disseminating infection 
from tuberculous sputa. The forceps are therefore kept in 10 per cent lysol 
when not in use. When they are to be used they are well washed in running 
water and thoroughly flamed. After use they are put straight back into the 
lysol without further flaming. A large plug of cotton wool in the bottom of the 
lysol pot enables them to be cleaned of adherent sputum. 


Staining Methods. 


A number of staining techniques have been described for the demonstration 
of carcinoma cells in sputum. None of these is specific for carcinoma cells, but 
all of them, in the hands of workers experienced in their use, appear to give 
sa‘isfactory results. 

The methods may be divided into two groups : those which result in a perman- 
el! preparation and those which only give a temporary wet-film. The first 
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group has the advantage that films may be stored and re-examined in the light 
of subsequent findings, or compared with histological preparations made from 
a tumour. Temporary films are quicker to prepare, and it has been state: 
(Perrin and Littlejohn, 1950) that more sputum may be included in the film, 
increasing the chance of discovering carcinoma cells. I have not noticed this 
advantage. 

The following permanent methods have been described : 


(1) Haematoxylin and eosin. (Gloyne, 1937.) 

(2) Haemalum and eosin. (Dudgeon and Wrigley, 1935.) 

(3) Haematoxylin, orange G, light green, eosin, bismarck brown. 
(Papanicolaou, 1942.) 


Of the above techniques, the first two have the advantage that the appea- | 
ances are strictly comparable with those seen in histological filmsof tumours. The 
second method has the added merit of simplicity and has been further simplified | 
in the course of the present work. q 

The following wet-film methods have been described : 


(1) Methylene blue. (Schuster, 1947.) 
(2) Fuchsin-methylene blue. (Perrin and Littlejohn, 1950.) 
(3) Iodine green. (Perrin and Littlejohn, 1950.) 


I have had no experience of the last two methods, having found the methylene 
blue technique satisfactory. The precise technique used differs only in minor © 
detail from that described by Schuster (1947). It was taught to me at the 
London Chest Hospital, and is as follows : 

A 0-5 per cent aqueous solution of methylene blue is used. A small piece of | 
sputum is placed upon the centre of the slide and beside it is put an approximately 
equal volume of the methylene blue solution. The slide is then warmed by | 
holding it about 8 in. above a bunsen flame, and at the same time the two are © 
rapidly mixed with the forceps, until the excess moisture contributed by the stain 
has evaporated. The slide should not be overheated, and care should be taken 
that the mixture is not allowed to dry. The stained sputum is then heaped into | 
a ridge along the middle of the slide, and a cover glass of suitable length imme- 7 
diately put on it and pressed down so that an even thin film is formed. Such | 
films tend to fade after an hour or so, the precise time apparently depending upon 
the amount of infection present in the specimen, but if it is desired that they 
last longer, this can sometimes be achieved by sealing round the edge of the cover 
glass with paraffin wax. Schuster (1947) recommends the addition of glycerine 
to the stain in order that the preparation may keep longer. 

All sputa sent for examination are stained first by this technique, which is 
quick. Any that appear to contain no bronchial secretion or are heavily conta- | 
minated with food material can be rejected at once. Those specimens which 
contain cells which constitute clear evidence of carcinoma, or are strongly sugges- 
tive of it, can be prepared as permanent films so that a record is available for future j 
reference. I make a practice of only reporting as positive those specimens | 
which show evidence of carcinoma in both temporary and permanent films. It 
has been found that the methylene blue method is somewhat more sensitive 
than that using haemalum and eosin, particularly in the detection of abnormal 
cells of squamous type. 
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If cells of equivocal appearance are seen in the temporary film, further pre- 
parations are made, if necessary two or three more, until an opinion can be given. 
‘hus, the methylene blue method is used as a rapid method of sorting the speci- 
mens, and the permanent film is used for confirmation and as a record in all cases 
ciagnosed as positive or suggestive of carcinoma. 

The technique used for making permanent films is a modification of that 
cescribed by Dudgeon and Wrigley (1935). It is simple and most of the times 
civen are elastic—a point of some importance in a busy laboratory. The fixative 
's similar to Schaudinn’s and consists of equal parts of a saturated solution of 
. ,ereuric chloride and absolute ethyl alcohol. A few crystals of mercuric chloride 
ire allowed to remain in the bottom of. the vessel containing the mixture to 
~.turate any moisture that may be absorbed by the alcohol. The fixative keeps 
well, and provided that it is kept free from any suspended particles, can be used 
repeatedly. It has not been found necessary to add acetic acid before use. 

The method is as follows : 


Fix in the above mixture for 5 to 10 minutes. 

(2) Wash in distilled water for about 5 minutes. This time can be 
greatly exceeded without harm. 

(3) Stain in haemalum for precisely 1 minute. 

(4) Rinse in distilled water. 

(5) Blue in tap water 5 to 10 minutes. 

(6) Counterstain in eosin (1 per cent) for 1 minute. 

(7) Rinse in distilled water, then in methylated spirit, dehydrate in 

absolute alcohol, clear in toluol, and mount in D.P.X. 


The haemalum used is a modification of Harris haemalum for which I am 
indebted to Mr. J. H. Bayley. It is prepared in the following manner: 1 g. 
haematoxylin is dissolved in 5 ml. of absolute alcohol and the solution added to 
100 ml. of saturated potassium alum solution. To this mixture is added a small 
knife point of sodium iodate and 2 ml. of glacial acetic acid. The stain is ready 
for use in 24 hours and can be used repeatedly for 3 or 4 months. It should 
be filtered if it shows a deposit. 

It is essential that the film be fixed immediately after it has been spread and 
while it is still wet, nor at any subsequent stage must it be allowed to dry. 

It sometimes happens that a specially characteristic cell or clump of cells 
is seen in the methylene blue film, and it is desired to make a permanent prepara- 
tion of it. This can frequently be done in the following way. The position of 
the cells is marked with a diamond on the underside of the slide. The cover 
glass is slid off in a direction exactly at right angles to the long axis of the slide, 
an operation which occasionally destroys the preparation but more frequently 
leaves the film in place though somewhat smeared in a transverse direction. 
The slide is immediately dropped into the fixative, where it is left for 5 min. 
The methylene blue becomes purple during fixation. The slide is then put into 
alsolute methyl alcohol, which removes the stain. Films may be left in methyl 
alcohol for at least 24 hours without deterioration. When required, they are 
rinsed in distilled water and stained in haemalum in the usual way. This proce- 
dire gives remarkably clear well-stained results. The cells can usually be found 
in line with the mark on the slide, though sometimes a search is necessary. 
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Examination of the Slide. 


Dudgeon and Wrigley (1935) advocate the complete examination of six films 
from each specimen. Undoubtedly this is desirable, but it has been found in 
the present series that between 20 and 30 minutes are required for the preparation 
and complete examination of a film and it has been impracticable to examine 
six films from each specimen. As has been stated, no positive report has been 
given unless at least two films have been examined, but it has usually been 
necessary to report negative findings after the examination of one, or not more 
than two films. This is bound to limit the accuracy of the report, but has provec 
satisfactory in practice. 

At the outset of this work it was considered that a minimum of three specimens 
should be submitted from each patient but it has frequently been found that only 
one or two could be obtained. Especially was this the case with out-patients 
or those with little sputum. Provided that the piece of the specimen from which 
the film is made has been very carefully selected, preferably by the person making 
the examination, and that sufficient time is spent in making the examination 
itself, this does not appear to be a serious limitation. Obviously the fewer films 
that are made from the specimens submitted from each patient, the greater 
will be the likelihood of missing carcinoma cells. The optimum number of 
specimens to be examined from each patient, and the amount of time to be spent 
upon each specimen are considered in the analysis of results at the end of this 
paper. 

Some authorities, e.g., Dudgeon and Wrigley (1935), advocate that the film 
be examined in its total area by racking backwards and forwards across it. The 
writer has found it more profitable to look at it with the naked eye first so that 
any parts of it that show a streaky appearance may be especially selected for 
minute examination. It has been found that carcinoma cells tend to occur in 
streaks and when these are seen they should be searched throughout their entire 
length and depth. 

Normally, films are examined with the }-inch objective, the }-inch objective 
being used only when likely cells are seen with the low power. There is little 
demand for the 5-inch objective in this work, though it is occasionally useful for 
examining the chromatin pattern, especially in oat cells. A rather powerful 
lamp should be used (a 200 watt bulb is satisfactory) so that the condenser of 
the microscope may be lowered slightly in order to obtain maximum resolution 


and contrast. Owing to the fatigue involved, a binocular microscope is especially | 


useful in this work. 

I have found it desirable to make a sketch of every cell or cell-type on which 
a positive diagnosis is made, and of every appearance that gives rise to suspicion 
of carcinoma, even though it does not lead to a positive diagnosis. In this way, 
information has been gained regarding the cell-types that are indicative or strongly 
suggestive of carcinoma. These sketches are particularly necessary in the case 
of the methylene blue film, of which there is otherwise no permanent record. 


Cells Normally Found in the Sputum. 


1. Epithelial cells. 
(a) Squamous cells.—Squamous epithelial cells that occur in the sputum have 


usually been shed from the mouth or pharynx. 


Two types are seen. The | 
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commoner sort are typical large squames, roughly polygonal in shape, and from 
°} to 100 microns in diameter. The cytoplasm is clear if the cell is not infected, 
but it frequently contains large numbers of bacteria. It stains pale greenish 
| lue or green with methylene blue, and pink with eosin. In haemalum and eosin 
»ceparations, the cell sometimes appears to show folds, and where it is folded, 
it may glisten (Fig. 1). The nucleus is about 10 microns in diameter, is usually 
central in position, and in the well-preserved specimen stains lightly with haema- 
‘um, showing a fine chromatin pattern. If the cell is degenerate, the nucleus 
.sually stains more darkly. The nuclear border is smooth and devoid of wrinkling 
ur irregularity. 

Sometimes, particularly in infected sputum that has stood on the bench for 
some time, squamous cells are seen which are infiltrated with neutrophil leuco- 
cytes. A cell may be so heavily infiltrated that all that is seen is a thin mem- 
brane surrounding a mass of leucocytes. This phenomenon may also occur in 
carcinoma cells and can be a serious source of confusion. Fig. 39 shows such a 
cell from a patient in whom there was no evidence of carcinoma. 

Less commonly, a smaller type of squamous cell is seen, which stains more 
deeply than that just described. It is about 20 microns in diameter, and usually 
occurs as part of a small sheet of epithelium in the sputum. The cytoplasm 
stains pure blue (as opposed to green) with methylene blue, or fairly deep pink 
with eosin. The outline of the cell is frequently angular—a feature that is evident 
when such cells are seen lying singly. The nucleus is approximately the same 
size as that of the larger type of squamous cell, but the chromatin network is 
somewhat coarser (Fig. 2). 

(b) Bronchial epithelial cells — Bronchial epithelial cells, as seen in the 
sputum, are narrow cells about 75 to 100 microns in length which frequently 
show a ciliated border at one end, and are pointed at the other. The cytoplasm 
stains blue with methylene blue and pink with eosin. The nucleus is oval, has 
a regular outline, and fills the width of the cell, or even expands it a little. It 
occupies a more or less central position (Fig. 3). These cells, when seen singly in 
a good state of preservation, present no difficulty, but when they are seen in a 
mass, as is often the case, they may give a disorderly appearance. In this 
event, the regularity in size, shape and staining character of the nuclei is a clear 
guide to their innocence. Rarely, multinucleate bronchial epithelial cells are seen. 

Sometimes groups of bronchial epithelial cells are seen which differ from those 
described above. They are disorderly, show no cilia and have a vacuolated 
cytoplasm, the vacuoles displacing and distorting the nucleus so that it appears 
crescentic in shape (Fig. 4). Such cells may be thought to be suggestive of 
malignancy, but close examination will show that among them are cells which 
resemble a bronchial epithelial cell closely, except for the possession of cilia, 
and all degrees of distortion may be discerned between these and those that 
appear grossly abnormal. In addition, even though the nuclei of these cells 
are distorted, they are all of about the same size—a feature uncommon in groups 
of carcinoma cells. 

With the exception noted above, normal epithelial cells found in the sputum 
have the following characteristics : 

1. The nucleus is regular in shape, size and staining properties when compared 
with those of cells of similar type nearby. 

2. The chromatin pattern is finer than is usually seen in carcinoma cells 
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in which the chromatin is frequently lumpy and often more concentrated at the 
periphery of the nucleus. 

3. The nucleus in the normal epithelial cell is usually small in relation to the 
size of the cell. Frequently, though not invariably, it is large in the carcinoma 
cell (Fig. 8, 12, 21). 

4. The perinuclear membrane of the normal epithelial cell is usually smooth 
and even. In carcinoma cells, particularly of squamous type, it is often wrinkled 
and irregular. 

5. Hyperchromatic nuclei are only seen in non-malignant epithelial cells 
when these are markedly degenerate. Hyperchromasia is frequently seen in 
carcinoma cells—indeed, it is one of the characteristics by which they are most 
commonly recognised. 

6. Normal epithelial cells tend to be regular in shape, whereas carcinoma cells, 
particularly those of squamous type, show an irregularity which is best appre- 
ciated when many are seen together in the low-power field. Many squamous 
carcinoma cells have bizarre shapes (Fig. 9, 13, 14, 15). 

7. The cytoplasm of normal epithelial cells is moderately eosinophilic when 


stained with haemalum and eosin. Some carcinoma cells, particularly those of 


squamous type, are markedly eosinophilic (Fig. 15). A similar difference may be 
seen in the methylene blue preparation, when carcinoma cells frequently appear 
more green than normal epithelial cells. This is not, however, diagnostic, as 
degenerate non-malignant epithelial cells may show the same staining properties. 


2. Macrophages. 

Macrophages are constantly found in the sputum in large or small numbers, 
and are sometimes rather difficult to distinguish from carcinoma cells. 

Many macrophages contain dust particles, which appear as black or brown 
granules in the haemalum and eosin-stained preparation, and as black, greenish, 
or purple granules in a film stained with methylene blue. Sometimes in a film 
stained by the latter method, the macrophages are seen to contain a large number 
of highly refractile fat droplets. The presence of dust particles in a cell enables 
it to be identified as a macrophage, but confusion may arise through the presence 
of free dust particles overlying a cell and giving the impression of being contained 
within it. 

Macrophages vary a great deal in size. Normally they are from 10 to 50 
microns in diameter, but, exceptionally, large forms occur. As a general rule, 
they are more or less circular in outline, but this feature is by no means constant 
and they assume a variety of shapes. Spindle shaped and crescentic forms are 
not uncommon, and occasionally they may assume a tadpole-like shape, and 
may thus be confused with some types of carcinoma cell if shape alone be relied 
upon for identification. Usually the cytoplasm is eosinophilic when stained 
with haemalum and eosin, but it may stain somewhat brownish owing to the 
presence of ingested particles. With methylene blue, it is usually stained blue, 
but when there is a large amount of ingested material the colour may be any- 
thing from green to pinkish purple. When the cytoplasm contains no dust, it 
has a foamy appearance which is helpful in the identification of these cells. 

There is no constant number of nuclei in a macrophage. Mononuclear forms 
are most frequently seen, but two nuclei are not uncommon, and cells are occa- 
sionally found which contain five or more. 
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The characteristics of the individual nucleus of the macrophage are fairly 
constant and are a considerable help in their identification. The nucleus is 
about 10 microns in diameter and is sometimes circular in outline but is more 
often flattened along one side or even reniform. It is normally eccentric and 
often touches the periphery of the cell with the convex border to the outside. 
Imost always it occupies considerably less than half of the cell area. 

The nucleoplasm is not well shown in the methylene blue preparation, but 
in the film stained with haemalum and eosin it is seen to be fairly clear, with 
an obvious perinuclear membrane and usually a single small nucleolus. Fig. 5 
ind 6 show macrophages. Those in Fig. 6 contain dust particles. 


3. Lymphocytes. 

Lymphocytes occur either singly or in small clumps, but are not often found 
in large numbers in the sputum. They are about 10 microns in diameter and are 
usually of the small type with a nucleus which occupies the major part of the cell 
area. The cytoplasm stains blue with methylene blue, and pink with eosin. 
The nucleus stains rather deeply and may show some unevenness in the distri- 
hution of the chromatin. It is circular in shape and the nuclei of neighbouring 
cells in a clump maintain their shape and do not indent each other. Cells from 
oat cell carcinomata, when seen in the sputum, are similar in size to lymphocytes, 
but differ from them in the following ways : 


(a) The nucleus of an oat cell is larger in relation to the cell area than 
that of a lymphocyte. The cytoplasm of an oat cell appears as only 
a thin rim round the nucleus, or it may not be visible at all. 

(b) The chromatin of an oat cell sometimes stains more deeply than 
that of a lymphocyte, and when seen under the ,,-inch objective, 
shows as a reticulum as opposed to the rather lumpy chromatin 
of the lymphocyte. 

(c) Oat cells nearly always appear in clumps ; lymphocytes seldom do. 
Frequently, oat cells are so closely opposed to each other that they 
appear to form a syncytium. The individual cell borders of lympho- 
cytes are always seen. 

(d) The individual nuclei of oat cells, though usually fairly constant in 
size, vary considerably in shape. It will be seen that neighbouring 
nuclei compress and indent each other. Lymphocytes do not show 
this feature. The only normal cell found in the sputum which occa- 
sionally shows this compression effect is the macrophage, which is 
unlikely to be confused with an oat cell. 


Lymphocytes are shown in Fig. 7; oat cells in Fig. 27 and 28. 


4. Granulocytes. 

(a) Neutrophils——Neutrophil leucocytes are commonly seen in the sputum, 
und appear as they do in other situations. Quite frequently the cytoplasm is 
lost, but in this event the nucleus is easily recognisable. 

(b) Hosinophils.—Eosinophil leucocytes are found in the sputum in a number 
of circumstances. In the preparation stained with haemalum and eosin they are 
always easily recognisable on account of the brilliant pink granules in the cyto- 
plasm. 


| 


74 F. R. PHILPS 


in which the chromatin is frequently lumpy and often more concentrated at ihe 
periphery of the nucleus. 

3. The nucleus in the normal epithelial cell is usually small in relation to the 
size of the cell. Frequently, though not invariably, it is large in the carcincma 
cell (Fig. 8, 12, 21). 

4. The perinuclear membrane of the normal epithelial cell is usually smcoth 
and even. In carcinoma cells, particularly of squamous type, it is often wrin! led 
and irregular. 

5. Hyperchromatic nuclei are only seen in non-malignant epithelial cells 
when these are markedly degenerate. Hyperchromasia is frequently see in 
carcinoma cells—indeed, it is one of the characteristics by which they are most 
commonly recognised. 

6. Normal epithelial cells tend to be regular in shape, whereas carcinoma cells, 
particularly those of squamous type, show an irregularity which is best appre- 
ciated when many are seen together in the low-power field. Many squamous 
carcinoma cells have bizarre shapes (Fig. 9, 13, 14, 15). 

7. The cytoplasm of normal epithelial cells is moderately eosinophilic when 
stained with haemalum and eosin. Some carcinoma cells, particularly those of 
squamous type, are markedly eosinophilic (Fig. 15). A similar difference may be 
seen in the methylene blue preparation, when carcinoma cells frequently appear 
more green than normal epithelial cells. This is not, however, diagnostic, as 
degenerate non-malignant epithelial cells may show the same staining properties. 
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2. Macrophages. 

Macrophages are constantly found in the sputum in large or small numbers, 
and are sometimes rather difficult to distinguish from carcinoma cells. 

Many macrophages contain dust particles, which appear as black or brown 
granules in the haemalum and eosin-stained preparation, and as black, greenish, 
or purple granules in a film stained with methylene blue. Sometimes in a film 
stained by the latter method, the macrophages are seen to contain a large number 
of highly refractile fat droplets. The presence of dust particles in a cell enables 
it to be identified as a macrophage, but confusion may arise through the presence 
of free dust particles overlying a cell and giving the impression of being contained 
within it. 

Macrophages vary a great deal in size. Normally they are from 10 to 50 
microns in diameter, but, exceptionally, large forms occur. As a general rule, 
they are more or less circular in outline, but this feature is by no means constant 
and they assume a variety of shapes. Spindle shaped and crescentic forms are 
not uncommon, and occasionally they may assume a tadpole-like shape, and 
may thus be confused with some types of carcinoma cell if shape alone be relied 
upon for identification. Usually the cytoplasm is eosinophilic when stained 
with haemalum and eosin, but it may stain somewhat brownish owing to the 
presence of ingested particles. With methylene blue, it is usually stained |lue, 
but when there is a large amount of ingested material the colour may be any- 
thing from green to pinkish purple. When the cytoplasm contains no dust, it 
has a foamy appearance which is helpful in the identification of these cells. 

There is no constant number of nuclei in a macrophage. Mononuclear forms 
are most frequently seen, but two nuclei are not uncommon, and cells are 0cca- 
sionally found which contain five or more. 
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The characteristics of the individual nucleus of the macrophage are fairly 
constant and are a considerable help in their identification. The nucleus is 
abou: 10 microns in diameter and is sometimes circular in outline but is more 
often flattened along one side or even reniform. It is normally eccentric and 
ofte:: touches the periphery of the cell with the convex border to the outside. 
Almost always it occupies considerably less than half of the cell area. 

The nucleoplasm is not well shown in the methylene blue preparation, but 
in th. film stained with haemalum and eosin it is seen to be fairly clear, with 
an ol vious perinuclear membrane and usually a single small nucleolus. Fig. 5 
and (; show macrophages. Those in Fig. 6 contain dust particles. 


3. Lymphocytes. 

L\ mphocytes occur either singly or in small clumps, but are not often found 
in large numbers in the sputum. They are about 10 microns in diameter and are 
usually of the small type with a nucleus which occupies the major part of the cell 
area. The cytoplasm stains blue with methylene blue, and pink with eosin. 
The nucleus stains rather deeply and may show some unevenness in the distri- 
bution of the chromatin. It is circular in shape and the nuclei of neighbouring 
cells in a clump maintain their shape and do not indent each other. Cells from 
oat cell carcinomata, when seen in the sputum, are similar in size to lymphocytes, 
but differ from them in the following ways : 


(a) The nucleus of an oat cell is larger in relation to the cell area than 
that of a lymphocyte. The cytoplasm of an oat cell appears as only 
a thin rim round the nucleus, or it may not be visible at all. 

(6) The chromatin of an oat cell sometimes stains more deeply than 
that of a lymphocyte, and when seen under the ;;-inch objective, 
shows as a reticulum as opposed to the rather lumpy chromatin 
of the lymphocyte. 

(c) Oat cells nearly always appear in clumps ; lymphocytes seldom do. 
Frequently, oat cells are so closely opposed to each other that they 
appear to form a syncytium. The individual cell borders of lympho- 
cytes are always seen. 

(d) The individual nuclei of oat cells, though usually fairly constant in 
size, vary considerably in shape. It will be seen that neighbouring 
nuclei compress and indent each other. Lymphocytes do not show 
this feature. The only normal cell found in the sputum which occa- 
sionally shows this compression effect is the macrophage, which is 
unlikely to be confused with an oat cell. 


Lymphocytes are shown in Fig. 7; oat cells in Fig. 27 and 28. 


4. Gronulocytes. 


(a) Neutrophils—Neutrophil leucocytes are commonly seen in the sputum, 
and aj»pear as they do in other situations. Quite frequently the cytoplasm is 
lost, but in this event the nucleus is easily recognisable. 

(b) Eosinophils—Eosinophil leucocytes are found in the sputum in a number 
of circ:mstances. In the preparation stained with haemalum and eosin they are 
= easily recognisable on account of the brilliant pink granules in the cyto- 
plasm. 


| 


76 F. R. PHILPS 


Apart from the cellular components of sputum, corpora amylacea ar 
commonly found. They are circular bodies, from 10 to 20 microns in diameter, 
They stain deep blue with methylene blue, and pink, yellowish or brown with 
eosin. Almost always their non-cellular nature is clear: they may show con- 
centric rings, radial streaking or fissures, or they may be structureless. Very 
occasionally, a dark irregular body is seen at the centre, which could possibly 
be confused with a nucleus. This, however, should not happen if the possibility 
be borne in mind. 

Very rarely one of these bodies may be taken up by a macrophage, in which 
case the risk of confusion with a carcinoma cell is very real if insufficient attention 
be paid to detail. The body resembles a large hyperchromatic nucleus with a 
‘‘ cytoplasm ”’ which is the body of the macrophage. The fact that the corpus 
amylaceum is perfectly circular, and has a characteristic structure which does 
not resemble the chromatin pattern of a nucleus should make its identity clear, 
and in addition, the macrophage is often seen to contain dust particles. Confu- 
sion should not therefore arise. Fig. 43 shows a drawing of a corpus amylaceum 


Fig. 43.—A drawing of a cell seen in a methylene blue film. The cell “ body” isa 
macrophage, and the “ nucleus ” is a corpus amylaceum which has been taken up. This 
appearance should not lead to difficulty, as the lack of any nuclear details and the concentric 
rings in the corpus amylaceum make its nature obvious. The writer has seen this appearance 
only once. 


enclosed in this manner seen in preparation stained with methylene blue. When 
stained with haemalum and eosin the body bears no resemblance to a nucleus. 


Carcinoma Cells. 


Cells which are exfoliated into the sputum from carcinomata exhibit varying 
degrees of abnormality, ranging from the grossly abnormal to those which resemble 
normal cells so closely that no certain opinion upon their malignancy can be given. 
In describing them, therefore, it is considered necessary to give some indication 
of the degree of reliance in the diagnosis of malignancy that can be placed upon 
any cell or cell-type when it is seen in the sputum. 

In the illustrations that accompany this paper, cells from the sputum of 
patients suffering from bronchial carcinoma are divided into two classes, namely 
those which have been found to be reliable for the diagnosis of carcinoma, and 
those which resemble cells found in conditions unassociated with malignancy 
sufficiently closely to be unreliable as evidence of it. 

Squamous carcinoma cells not infrequently give rise to this type of difficulty. 
They are highly pleomorphic, and cells from one growth may appear neatly 
normal or may be so abnormal that there is no difficulty in recognising them 
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for wat they are. Cells from anaplastic and adenocarcinoma are less likely to 
cause confusion for though they may bear a superficial resemblance to cells 
norm. |ly found in the sputum, they can be distinguished with reasonable certainty 
by az: observer practised in the finer points of differentiation. 

T) > difficulty with squamous cells is not so great as may be imagined, as their 
very ; eomorphism tends to reveal them for what they are. Although some 
of the cells found may closely resemble normal cells, it is usually not difficult 
to fin’ grossly abnormal cells among them upon which a diagnosis may be made. 
It is «nphasised that a diagnosis is very rarely made upon the appearance of 
just one or two abnormal cells, for even if these be scanty (and in the early case 
they may well be), prolonged search will almost always reveal further abnormal 
cells. 
If cells which are suggestive of carcinoma are very scanty in the sputum, 
a wise plan is to search carefully in the immediate neighbourhood of any such 
cell that is found, as there is a good chance that other cells may be nearby. I have 
often found that by adopting this plan, cells which have been considered to be 
no more than suggestive of carcinoma have enabled me to find other more con- 
vincing evidence of growth. 

Although it is unwise to be unduly dogmatic in typing bronchial carcinomata, 
it has been my practice to report the predominant cell type so far as this can be 
determined. It has been found that this can be done with considerable accuracy. 
In this section of the paper, therefore, the appearances will be described according 
to the type of tumour in which they are found, namely : 


Cells associated with carcinoma of predominantly squamous cell 
type. 

Cells associated with anaplastic carcinoma : 

(a) Oat cell. 

(b) Spheroidal and spindle cell. 

Cells associated with adenocarcinoma. 

Cells associated with tumours diagnosed histologically as alveolar 
cell carcinoma. 


1. Cells associated with carcinoma of predominantly squamous cell type. 


There is no single feature that distinguishes squamous carcinoma cells from 
those of other types, but the following characteristics may be seen : 

They are usually large cells, the majority being more than 20 microns in 
diameter, though if the cell is considerably elongated the smaller diameter may 
be much less than this (Fig. 13). 

They may be seen in a great variety of bizarre shapes. Nearly all types of 
carcinoma cell (with the exception of oat cells) show a considerable degree of 
pleomorphism when seen in the sputum, but cells of squamous type exhibit 
this feature to a more marked degree than the others. If there are many such 
cells in the film, this pleomorphism is evident under the low power in both methy]- 
ene blue and haemalum and eosin preparations, and is of considerable help in 
establishing a diagnosis (Fig. 8, 9). 

With regard to the shape of the cells there is no rule that can be followed in 
their identification, but certain shapes do tend to recur. One of these is the so- 
called “‘ ‘adpole cell ” (Fig. 13, 14) which consists of a cell body with a long filamen- 
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tous tail, the body usually containing the nucleus, though clumps of nuclear 
material may be seen on occasion in other parts of the cell as well. It has een 
mentioned that very rarely macrophages may assume this shape, but they can 
usually be recognised from their nuclear characteristics and the presence of dust 
particles within the cytoplasm. Another shape that is sometimes seen and 
which, in my opinion, is diagnostic of squamous cell carcinoma consists of two 
cell bodies, each containing a nucleus, united by a long filamentous bridge—as 
it were a double “ tadpole cell” (Fig. 26). Though it is a good rule to suspect 


Fig. 26.—Two cell bodies united by a filamentous cytoplasmic bridge. This appearance 
is not commonly seen, but when present it is considered by the writer to be diagnostic of 
squamous cell carcinoma. 


carcinoma whenever considerable pleomorphism is seen in epithelial cells, it 
should be stressed that a moderate degree may be seen in conditions unassociated 
with carcinoma. Fig. 35 shows an appearance which was mistakenly thought 
to be due to carcinoma in a patient who showed no other evidence of a tumour 
at the time, who has been followed for a year and has developed no sign of the 
disease. 

The staining reaction of the cytoplasm is somewhat variable, but may be of 
some help in identification. With methylene blue, it frequently stains greener 
than that of normal cells, but this property is shared by any degenerate epithelial 
cell, be it from a carcinoma or from a non-malignant condition, so it is in no way 
diagnostic. The cytoplasm of many squamous carcinoma cells is peculiar it 
that it appears to be more refractile than that of normal epithelial cells. In 
the methylene blue preparation, this property shows itself by the presence of 4 
dark, rather emerald green outline to the cell and sometimes also to the nucleus 
within it. The cytoplasm itself appears lighter and slightly luminous compare 
with that of the surrounding normal cells. 

When stained with haemalum and eosin, the cytoplasm as a genera! rule 
stains bright pink, occasionally with a tinge of orange. Frequently, as n the 
methylene blue film, the cell appears brighter than those round it, and if it ® 
put slightly out of focus it may shine up quite brilliantly. Cells of this type have 
been named “bright cells” and are in my opinion diagnostic of squamous cél 
carcinoma. They are shown in Fig. 17 and 18. 
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No: uncommonly the cytoplasm may show some degree of variation in staining 
density which can be of considerable assistance in the diagnosis of carcinoma. 
This i; much more clearly seen in the methylene blue preparation, and takes 
the form of a suggestion of wrinkling which is most evident near the periphery 
and is concentric with it. Such an appearance may indicate keratinisation. It 
has proved reliable for the diagnosis of squamous cell carcinoma (Fig. 25). 


Fig. 25.—Cells from squamous cell carcinomata that give the appearance of wrinkling 
of the cytoplasm. 

Often, squamous carcinoma cells show a series of irregular concentric lines in the cyto- 
plasm, which appear to be minute folds. These may be seen most commonly at the periphery, 
but they may also occur round the nucleus. 

Although they are seen to the best advantage in the methylene blue film, they show in 
the permanent film as well. 


Another feature frequently seen in the methylene blue film is a mass of minute 
refractile bodies which are usually disposed in a circular manner round the nucleus. 
On close inspection, the individual particles sometimes appear to be angular in 
outline rather than circular. They stain with sudan III, and are therefore lipoid 
innature. Provided that they are clearly distinguished from the dust particles 
and oil droplets (which are larger and obviously circular in outline) that are seen 
4 macrophages, these particles are useful contributory evidence of carcinoma 
(Fig. 24). 

The nuclei of squamous carcinoma cells have few constant features. In fact, 
they show an extreme degree of variability in size, shape and staining density. 
Usually, the nucleus of a carcinoma cell is larger in relation to the size of the cell 
than is that of a normal epithelial cell (Fig. 12), but the presence of a large nucleus 
cannot in itself be considered to be evidence of carcinoma, as other cells in the 
sputum may occasionally show this feature (Fig. 37.) 

Multinucleate carcinoma cells are commonly seen, but the property is not 
diagnostic of carcinoma as it may be found in macrophages and very occasionally 
in bronchial epithelial cells. 

A spurious effect of multinucleation may sometimes be given by two epithelial 
cells overlapping each other. 

The shape of the nucleus is of considerable help in diagnosis. Often, the 
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nucleus of a squamous carcinoma cell is irregular in shape and frequently shows 1 
very uneven edge. This wrinkling and irregularity of the perinuclear membran> 
is occasionally seen in degenerate epithelial cells in non-malignant conditions, 
but when it is seen in conjunction with a large nucleus, it is practically diagnostic 
of squamous cell carcinoma. 


Fig. 24.—Cells showing collections of minute refractile particles in the cytoplasm. 

These particles are transparent and tend to occur most commonly in a circular arrangement 
round the nucleus, but they may be seen in any part of the cell. They give the impression 
of being angular, but they are so minute that it is difficult to be certain of this. They can 
be shown to take up sudan ITI, and are therefore of lipoid nature. They are almost certainly 
associated with cell degeneration and consequently are not a constant feature of carcinoma 
cells. They are not seen in the haemalum and eosin preparation. Normal squamous 
epithelial cells not uncommonly show similar particles in the neighbourhood of the nucleus, 
but in the writer’s experience, these are not seen in such large numbers as in carcinoma 
cells, nor are they concentrated so definitely in one portion of the cell. 

These particles must be clearly distinguished from the larger, usually black, dust particles 
and from the large circular fat droplets that are commonly seen in macrophages. Dust 
particles usually present no difficulty owing to their larger size, dark colour and the fact that 
they are evenly distributed throughout the cell. Fat droplets are usually evenly distributed, 
and appear globular. 

The six drawings, and those in Fig. 25, indicate the variations in nuclear staining density 
and character that may be seen in preparations made by this method. 


As a general rule, the nucleus stains densely, and not infrequently it appears 
nearly black (Fig. 10, 11). This extreme degree of hyperchromasia may also 
be seen on occasion in any degenerate epithelial cell, and is not, in itself, diagnostic 
(Fig. 35). Where the chromatin pattern is visible, it nearly always appears 
coarse and lumpy, as opposed to the much finer pattern of normal epithelial 
cells (Fig. 8, 12). These observations apply to both the methylene blue and the 
haemalum and eosin preparations. Occasionally, the nucleus hardly stains at 
all, and can be seen only as a faint outline. The presence of a nucleus which 
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siains in this manner, particularly if it appears rather larger than normal, is 
very suggestive of carcinoma. 

Nucleoli are occasionally seen in squamous carcinoma cells, and while they 
are somewhat suggestive of carcinoma, if they are large in size or multiple, I do 
not place any reliance upon them in the diagnosis of carcinoma of this type. 

Mitosis is rarely seen in carcinoma cells in the sputum, and when it does occur, 
tnere is usually plenty of additional evidence that the cells are malignant. The 
p esence of mitoses in epithelial cells does not imply malignancy, as it may occur 
il. any condition in which there is a considerable amount of epithelial regeneration. 

In addition to the features mentioned above, a number of other characteristics 
nay be seen which are of considerable help in the diagnosis of carcinoma of 
syuamous cell type. They are as follows: 

1. The cell may show a definite double edge, as shown in Fig. 19 and 20. 
Tnis appearance, if it is as clearly marked as in the specimens shown in the photo- 
graphs, is considered to be diagnostic of squamous carcinoma. 

2. Cells may be seen to be included one within another. Such an appearance 
must, however, be interpreted with great caution, as phagocytosis of cells is not 
exclusively a property of carcinoma cells and is sometimes seen in macrophages 
(ig. 36). Often therefore such cells must be considered to be inconclusive as 
evidence of carcinoma as it is impossible for the examiner to be sure that the 
including cell is not a macrophage (see Fig. 32 and 33 which were seen in films of 
sputum from patients suffering from bronchial carcinoma of squamous cell type). 
Though the phenomenon of cell inclusion is bound to arouse suspicion of carci- 
noma, the including cell must show other characteristics associated with malig- 
nancy before it can be considered to provide reliable evidence of the condition. 
Such a cell is shown in Fig. 21. 

3. The occurrence of clumps of cells showing nuclear pleomorphism has already 
been noted. A particular type of clump has been found to occur in both squa- 
mous cell and adenocarcinoma, and though not absolutely diagnostic of malig- 
nancy appears to be nearly always associated with it. A clump of this type 
is shown in Fig. 22. The cells all appear to spring from a central point and the 
clump gives the impression that it may have formed part of a polypoid mass 
that has broken off into the sputum. If this is correct then any condition assoc- 
iated with papilliferous projections into a bronchus could give rise to such clumps 
and they might be expected in the sputum in bronchiectasis. I have not seen 
such clumps in bronchiectatic sputum, but a clump of this type has, never- 
theless, led to a mistake. A single group of cells (Fig. 41) was found in the 
sputum of a man complaining of haemoptysis, and was reported as being highly 
suggestive of carcinoma. No treatment was undertaken and the patient subse- 
quently died. At post-mortem examination, it was found that he had suffered 
from haemorrhagic bronchitis. It is clear, therefore, that an appearance of this 
type should not lead to a diagnosis of carcinoma unless the individual cells show 
other characteristics associated with malignancy. 

Squamous metaplasia.—The problem of squamous metaplasia in the bronchial 
epithelium, and the possibility that this condition may be confused with squa- 
mous cell c:»unoma from sputum examination should be mentioned here. 

Squamous metaplasia unassociated with carcinoma is probably uncommon, 
though its precise incidence is unknown. It has been demonstrated in some 
cases of bronchiectasis and may occur in other chronic infective conditions. 
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In the presence of such a change, cells from the metaplastic area would pro- 
bably be seen in the sputum, but their morphology is not clearly known. 
Occasionally, round cells of squamous type which have the peculiar glisten- 
ing cytoplasm that one associates with keratinisation are seen in the methylen: 
blue preparation. These cells differ from carcinoma cells in that their nuclei 
are regular in size and shape, though they are often somewhat large in relation 
to the size of the cell. When stained with haemalum and eosin the cells appear 
normal except for their round shape. They do not suggest carcinoma in the latter 
preparation, though they may give rise to suspicion in the methylene blue film. 
It appears that cells of this type are young squamous cells which may have been 
derived from the mouth or pharynx or may possibly have come from a meta- 
plastic area in a bronchus. From a practical standpoint, the fact that these 
cells appear abnormal in the methylene blue film, but practically normal in that 
stained with haemalum and eosin is of some importance and indicates the necessity 
of confirming with a permanent preparation all positive findings made on the 
methylene blue film. 


2. Cells associated with anaplastic carcinoma tlie 

(a) Oat cells—The characteristics of oat cells have been briefly described and 
already in the section outlining the difference between them and lymphocytes and 
(see p. 75). 

They are small cells, 10 to 12 microns in diameter, and frequently occur in diag 
compact clumps in the sputum. Although the nuclear characteristics tend tot 
to be somewhat ill-defined in the methylene blue preparation, this clumping | 
should always give rise to a suspicion of oat cell carcinoma. The 

Frequently the clumps tend to be elongated. Mention has already been evid 
made of the fact that macrophages may also be seen in clumps, and these also cells 
may be elongated, but here the individual cells differ considerably, and can be unle 
recognised by the relative sizes of the nuclei, even though the macrophages istics 
contain no dust particles. In the methylene blue preparation, oat cells usually evid 
stain much more densely than do macrophages. 

When stained with haemalum and eosin, oat cells tend to be fairly constant cell 1 
in their characteristics. The cytoplasm is scanty, forming at the most a thin this 
rim round the nucleus, which nearly fills the cell. In many cells, no cytoplasm on @ 
at all is seen : in others, when the clump is examined under the ;-inch objective, diftic 
cell borders cannot be defined, the cells appearing to form a syncytium. The me 
cytoplasm when seen stains pink with eosin. with 

The nucleus stains deeply with haemalum, and is seldom circular as the nuciei such 
of neighbouring cells indent each other, giving the appearance of having been 44 
pressed together. This feature is of great importance in the identification of j me. 
these cells, and in conjunction with the clumping and relatively large nuclear 19 
size, appears to be diagnostic and makes the cells easy to recognise. The nuclear I} 
chromatin is usually clearly defined when the cell is seen under the j,-inch were 
objective, and is reminiscent of the appearance of the reticulum of a stained Inacce 
reticulocyte. Less commonly, particularly in degenerate cells, the nucleus may The fe 
be denser and the chromatin network difficult to define. Oat cells are shown forme 
in Fig. 27 and 28. sputur 

(b) Spheroidal and spindle cells.—I have had experience of only one carcinoma ——s 

us 


of this type which was diagnosed by sputum examination. The sputum in this 
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case contained neoplastic cells arranged in streaks rather than clumps. A typical 
appearance is shown in Fig. 29. The two types of cell could be clearly distingui- 
shed from each other. The round cells were about twice the size of an oat cell, 
that is, from 20 to 25 microns in diameter, and they showed greater variation 
than do oat cells. In some, the nucleus was vesicular and nearly filled the cell : 
in others, it appeared somewhat contracted and stained more deeply, while in 
the third and commonest type the nucleus was quite small and stained nearly 
biack. Spindle cells were seen in clumps among the streaks of round cells. They 
were long with a central elongated dense nucleus which filled the width of the cell. 
‘he individual cells in the clump showed great variation in cell and nuclear size, 
which made them clearly recognisable from bronchial epithelial cells, with which 
tey might otherwise have been confused. 


3. Appearances associated with adenocarcinoma. 

Adenocarcinoma has been diagnosed only once in the present series by examina- 
tion of the sputum, and in this case there has been no histological examination to 
confirm the finding. Dudgeon and Wrigley (1935) and Wandall (1944) describe 
tle appearances in this type of carcinoma. Typically, the cells appear in clumps 
and show vacuolation of the cytoplasm, the vacuoles frequently filling the cell 
and pushing the nucleus to one side, often flattening it against the cell wall. 

The appearance shown in Fig. 31, which is from the sputum of a patient 
diagnosed histologically as suffering from alveolar cell carcinoma, is very similar 
to that described by the above-mentioned writers in adenocarcinoma. 

The presence of cells showing vacuolation is not in itself evidence of carcinoma. 
The cells shown in Fig. 38 were from the sputum of a patient who showed no 
evidence of carcinoma, and who, because of the presence of these and similar 
cells has been followed for a year and has developed no tumour. Therefore, 
unless the cells showing vacuolation occur in clumps and show other character- 
istics associated with malignancy, they must be considered to be unreliable as 
evidence of carcinoma. 

Quite frequently, in sputa showing ample evidence of carcinoma of squamous 
cell type, clumps of cells are seen which surround a single vacuole. Whether 
this appearance occurs as part of the picture of squamous cell carcinoma, or is 
an expression of the pleomorphic nature of bronchial carcinoma in general is 
difficult to decide. 

Cells of adenocarcinomatous type might be expected in the sputum of patients 
with pulmonary metastases from adenocarcinomata elsewhere ; in my experience 
such a finding is rare. 


4. Appearances associated with tumours diagnosed histologically as alveolar cell 


carcinoma, 


I have had experience of 4 patients suffering from tumours of this type. Three 
were diagnosed in the first instance by sputum examination, the tumour being 
inaccessible to the bronchoscope, and the finding was confirmed after resection. 
The fourth was a patient in whom there was a recurrence after operation. I have 
formed the opinion that there is no characteristic cytological appearance in the 
sputum associated with this type of carcinoma. A wide variety of cells was 
found in the sputum of these 4 patients, including those which suggested squa- 
mous cell carcinoma (Fig. 30), anaplastic carcinoma and adenocarcinoma (Fig 31). 
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It was possible in all these cases to make a diagnosis of carcinoma from sputum 
examination, but in no case was it possible to state the type of growth that was 
present. 
Reporting Results. 

It has been my practice to report the resuits of sputum examination in four 

categories, which are as follows : 
Category 1. No cells suggestive of carcinoma seen. 
2. Atypical epithelial cells seen upon which no certain opinion 
can be given. 


3. Cells seen which are highly suggestive of carcinoma. 
4. Cells seen which constitute clear evidence of carcinoma. 


Categories 1, 3 and 4 appear from the results to be valuable as an indication 
of whether the patient has carcinoma, but the value of Category 2, judging froi 
the analysis of results which follows, appears open to question. It will be seen 
that of the 13 patients whose sputa were reported in this category, 3 had cancer, 
6 had no evidence of a tumour, 3 are not yet diagnosed but almost certainly are 
not suffering from carcinoma, and 1 has not been traced. Thus, among the 1%, 
considering only those in whom a final diagnosis has been reached, there are 3 
positives and 6 negatives, and if the probable diagnoses are considered then 
there are 9 negatives. Such a report gives the clinician no indication of the 
pathologist’s opinion, and is therefore of no assistance to him. It is my intention 
to stop using this grade and to report specimens in three categories only, those 
which would have been returned in Category 2 being classed as negative. 


Analysis of Results. 

When interpreting the results of a series of this nature, it is essential to realise 
that the sputa under examination come from potentially positive cases, as speci- 
mens are sent only from patients in whom bronchial carcinoma is suspected. The 
proportion of positive results, therefore, is greater than it would be for an equi- 
valent number of random specimens and there is a possibility of reporting as 
positive a specimen from a patient who has in fact a bronchial carcinoma, but 
whose sputum contains no malignant cells. Clearly, the larger the proportion of 
actual cases of bronchial carcinoma, the greater is the risk of such undiscovered 
mistakes. During the course of this work the number of proved positives totalled 
a little over one third of the whole, so the chance of discovering misdiagnoses was 
reasonably good. 

The present investigation is based upon the results of all sputum examinations 
for carcinoma cells performed from mid-September 1952 until the end of March 
1953, and comprise 123 patients. Before beginning the investigation, I examined 
the sputa of 165 patients in the course of a year. Approximately 750 films were 
made from these specimens. 

In the present series, a patient is considered to be suffering from bronchial 
carcinoma if one of the following criteria be satisfied : 


(a) There is histological proof as a result of bronchoscopic biopsy, resection 
of the affected lung or post-mortem examination. 

(6) There is radiological evidence of a tumour in the lung and histological 

proof of secondary deposits in lymphatic glands. 
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(c) A tumour, which in the opinion of the person performing the bronchos- 
copy is clearly carcinomatous, is seen through the bronchoscope but 
no material is removed for histological section. 

(d) Aconsultant member of the hospital staff has made a firm diagnosis of 
bronchial carcinoma on clinical and radiological evidence. 
Some of the cases in the last group have been confirmed by their response 

t. radiotherapy. 

Of the 123 patients whose sputa were examined, 39 were subsequently shown 


t. be suffering from bronchial carcinoma. The methods by which the diagnosis 
wis reached were as follows : 


(a) Histological examination of material removed from the tumour . ° . 15 
(6) Histological examination of secondary deposits ° 4 
(d) Clinical opinion only . 12 

Total - 39 


The final diagnosis of the 123 patients in the series—so far as it is known 
at the time of writing— is shown below : 


Total patients . - 123 
Patients finally diagnosed as not suffering from carcinoma 
Patients finally diagnosed as suffering from carcinoma. 39 
Total not yet dingnosed at the time of ° 8 
Untraced . ° 9 


The results of for carcinoma cells in these patients are 
shown in Table I. All sputum examinations were carried out without prior 
knowledge of the patient’s condition, as only by this means was it possible to 
test the value of the method. 


TaBLE 1,—Results of Sputum Examination for Carcinoma Cells in 123 Patients. 
Final 
Proved diagnosis 
Total. positive. negative. Untraced. 


Category 1. 
No cells suggestive of carcinoma seen 
Category 2. 


Atypical epithelial cells seen upon 
which no certain can be 


given . 13 3 6 3 1 
Category 3. 
Cells seen which are highly ye 
of carcinoma 23 20 2 1 0 
Category 4. 
Cells seen which constitute — evi- 
dence of carcinoma ll 10 0 1 0 
123 39 67 8 


Of the 9 patients untraced, 8 were out-patients in whose sputum no cells 
suggestive of carcinoma were found, and who did not return to the hospital. One 
was an in-patient in whose sputum atypical cells were found upon which no 
definite opinion could be given. He left the hospital soon afterwards and the 
final diagnosis is not at present known to the writer. 

Of the 8 cases recorded as not yet diagnosed, 3 had no cells suggestive of 
carcinoma in their sputum, 3 showed epithelial cells which were considered to be 
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atypical but were not thought to constitute evidence of carcinoma, 1 showed 
cells that were highly suggestive of carcinoma and 1, cells that were held to 
constitute clear evidence of it. The 6 in the first two groups are all patients 
investigated recently who are almost certainly not suffering from carcinoma bu: 
in whom no final diagnosis has been reached. The 2 patients who were diagnose:! 
as sputum positive are both elderly men in one of whom there is strongly suggestiv:: 
radiological evidence of carcinoma with persistent collapse of the right lowe: 
lobe but no tumour demonstrable on bronchoscopy. The other has a shadow 
persisting in the left mid-zone but has acid-fast bacilli in his sputum. It is thought 
quite probable by those in clinical charge of him that he has carcinoma as weil 
as tuberculosis. No bronchoscopy has been performed.* 

Of the 123 patients, there are 106 in whom a final diagnosis has been reached. 
The results of sputum examination on these 106 will be considered in the analysis 
which follows. 

For the purpose of analysis, it is considered that Categories 1 and 2 constitute 
a negative, and 3 and 4 a positive sputum diagnosis, and the terms “ sputum 
negative ” and “ sputum positive ” are used in this sense. 

It will be seen from Table I that in two cases, cells that were highly suggestive 
of carcinoma were seen in the sputum of patients who were finally diagnosed 
as not having suffered from the condition. One of these patients has now come 
to post-mortem at which a diagnosis of haemorrhagic bronchitis was made: the 
other, who was admitted complaining of haemoptysis, is now well, with no evi- 
dence of any pulmonary lesion. The films ofthe sputa of both these patients have 
been reviewed and a single clump of cells in the former would still be held to be 
highly suggestive of carcinoma. This is shown in Fig. 41. In the case of the 
latter patient, there was a large amount of rather eosinophilic epithelial debris 
in the film, the appearance being one which would not now be thought by the 
writer to be suggestive of carcinoma unless some indication of the malignant 
nature of the cells were also present. Of the two errors described here, the first 
must be held to be due to a limitation of the method, whereas the second was 
caused by lack of experience. 

Of the 106 patients under review, 39 were finally diagnosed as suffering from 
bronchial carcinoma, and 67 from other conditions. The analysis of the results 
of sputum examination on these patients is as follows : 


Total cases in the series ° 106 
Cases finally diagnosed as positive 39 
Cases finally diagnosed as negative 67 
Total positive diagnoses made by — 
Correct positive diagnoses - 30 
False positive diagnoses . 2 
Percentage of negative cases incorrectly diagnosed as positive ° ° ° 3-0 
False positive diagnoses expressed as a percentage of the total series 1-9 
Positive cases in which carcinoma cells were not found in the sputum 9 
Percentage of positive cases in which carcinoma cells were not found. - 23-1 
Percentage of positive cases correctly diagnosed by sputum examination . Teo 


* Addendum—At the time of going to press, these two patients are still under observation. The 
one whose sputum contained cells that were considered clear evidence of carcinoma has now been 
readmitted to hospital a year after the cells were first found with clear clinical evidence of carcinoma 
with multiple bone metatases. His sputum now contains cells similar to, but more pleomorphic t)ian 
those first found. The other, whose sputum contained cells that were thought highly suggestive of 
carcinoma has been treated for a year for pulmonary tuberculosis and has improved, though the 
——s picture is little changed. The di iagnosis of carcinoma, though unlikely, must stil! be 
considered. 
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The Number of Specimens Examined. 


An analysis has been made of the number of specimens submitted from each 
patient. It would, of course, be ideal for a constant number to be sent to the 
|,boratory in all cases but in practice this has been found difficult to achieve for 
several reasons, one of which is that bronchoscopy is often performed soon after 
admission, rendering specimens taken during the following week unsuitable for 
examination. Often, therefore, only two or sometimes one specimen is obtained. 
'n addition, it has usually been found that only one sample is submitted from an 
 utpatient or, if more are available, only one arrives in a suitable state for exami- 
pation. Patients who have little sputum may only produce a single specimen in 
the course of many days or if more are available some are likely to consist wholly 
of saliva. 

In Table II an attempt is made to relate the accuracy of diagnosis to the 
number of specimens examined per patient. 


Taste II.— Number of Specimens Examined and Accuracy of Diagnosis. 
A. Patients correctly diagnosed as sputum positive. 


Total patients . 30 

Diagnosed as positive on ° 20 ° 66-6 
” ” third ” 1 90-0 
” ” fifth ” . 2 . 100 


Total number of specimens examined from these 30 patients = 49 
Mean of number of specimens examined — — ‘ore & 
positive diagnosis was made . 


B. Patients correctly diagnosed as sputum negative. 


Total patients . 65 
One specimen only examined 36 
Two specimens examined . ° ° ‘ 17 
Three _,, ‘ é 7 


Total number of specimens examined from these 65 patients = 114 
Mean of number of —— examined in — — 
patients . ° ° ° 1-75 


Thus, considering only the cases that were correctly diagnosed, 163 specimens 
were examined from 95 patients, giving a mean ‘of the number of specimens 
examined per patient of 1-71. If two films are made from each specimen, and the 
time taken to examine each film is 20 minutes, then the time spent upon each 
patient is a little over 1 hour. 

It has been stated earlier that it is often possible to indicate the predominant 
cell type in a bronchial tumour from sputum examination, and it is my practice 
to do this wherever possible. Unfortunately, histological confirmation of this 
finding is often lacking as in many cases no biopsy is performed. Among those 
in which there has been a histological examination, there has been agreement 
between histological and cytological diagnosis of the predominant cell type. 
Table III shows the results. 
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TasBLe III.—Correlation Between Cytological and Histological Diagnosis. 


Diagnosis Histo- Histology No histo- 
on logically does not logical Not yet 
sputum. Total. confirmed. confirm. examination. diagnosed. 
Squamous cell . 16 7 0 9 0 
Oat cell 6 3 0 3 0 
Adenocarcinoma . 1 0 0 0 1 
Thus : 
Predominant histological type stated in. ° ‘ ° - 23 cases. 
Histological confirmation was obtained in . ° ° 
No histological examination was made in . 


No final diagnosis has been reached in 


CONCLUSIONS. 


In the present series of 123 patients, there were 106 in whom the diagnosis 
was known at the time of writing. Of these, 39 were shown to be suffering from 
bronchial carcinoma and 67 had other conditions with no evidence of a bronchial 
tumour. Of those who had carcinomata, 30 (76-9 per cent) showed carcinoma 
cells in the sputum. 

Sputum specimens from two patients in the series were wrongly reported as 
positive. One of these patients complained of haemoptysis but recovered rapidly 
and subsequently showed no evidence of any lung lesion. His sputum contained 
a great deal of eosinophilic cell debris which was thought to be the remains of 
necrotic carcinoma cells. The other patient suffered from severe haemoptysis 
and one sputum specimen showed the clump of cells apparently surrounding a 
vacuole which is shown in Fig. 41. He died and at post-mortem examination 
was diagnosed as having suffered from haemorrhagic bronchitis, no evidence 
of carcinoma being found. 

The films from both patients have been reviewed. Those from the first 
would not now be considered suggestive of carcinoma as the cells showed no other 
appearance associated with malignancy. It is considered that this mistake was 
due to lack of experience. The clump of cells from the second patient would 
still be held to be suggestive of carcinoma if seen again, which indicates that the 
method has limitations. Further investigation is required into the significance of 
clumps of cells of this type. 

It has been my experience that when a confident diagnosis of carcinoma can 
be made from sputum examination, it is usually possible to tell the predominant 
cell type in the tumour, and so far, when there has been an opportunity for histolog- 
ical confirmation, this has been shown to be correct. 

It has been stressed that in a series of this type, it is possible that misdiagnoses 
of carcinoma may go undiscovered because the proportion of positive cases is 
high. It is not certain that there are no such mistakes in the present series but 
since only about one third of the patients were in fact suffering from bronchial 
carcinoma, the chances are in favour of such errors being discovered. 

It is necessary that the limitation of a diagnostic technique of this type be 
clearly understood. A negative finding is of no significance in the exclusion of 
carcinoma, and may be due simply to the fact that the minute portion of the 
specimen chosen for examination contains no cells that can be recognised as 
malignant. This is likely to be the commonest cause of failure. Or the tumour 
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may not be shedding any neoplastic cells into the lumen of the bronchus. It 
jas already been pointed out that one false positive diagnosis has been made 
i the present series on the evidence of a clump of cells which resemble cells seen 
i. carcinoma so closely that the writer finds it impossible to distinguish clearly 
between them. It would therefore be unrealistic to rely upon a method of this 
t,pe in cases in which histological methods can be used. 

The fact that sputum examination is not generally satisfactory during the 
{st week after bronchoscopy has been performed makes it necessary that speci- 
1.ens be sent to the laboratory before this procedure is undertaken as otherwise, 
i no tumour is found at bronchoscopy, a week is wasted before specimens suitable 
fir cytological examination can be obtained. 

I believe the examination of the sputum for carcinoma cells to be of consider- 
avle value, and its use together with clinical evidence may provide the clinician 
with a means of diagnosing bronchial carcinomata which cannot be demonstrated 
by bronchoscopy. Its reliability is not yet absolute because of an occasional 
false positive diagnosis : it is clear that there is still an urgent need for further 
research. 


SUMMARY. 


A review is given of some of the more important publications that deal with 
the demonstration of carcinoma cells in the sputum. 

The method used in the preparation of sputum films in the Clinical Pathology 
Department at University College Hospital is described. All films are stained 
firstly with methylene blue, and those that are considered to contain cells that are 
suggestive of carcinoma, are also stained with haemalum and eosin. The relative 
merits of wet films and permanent preparations are discussed and a simplified 
method of making permanent films is described. 

Descriptions and illustrations are given of the cells normally found in the 
sputum and of cells associated with carcinoma. Emphasis is laid upon the types 
of cell that may lead to a false positive diagnosis. 

The results of the examination of sputum specimens from 123 patients are 
analysed. Of these, a final diagnosis had been reached at the time of writing in 
106, 39 being shown to suffer from bronchial carcinoma. Cells which were either 
highly suggestive of carcinoma or were considered to be clear evidence of it 
were seen in the sputum of 30 (76-9 per cent) of these. An attempt is made to 
analyse the effect of the number of specimens examined upon the accuracy of 
diagnosis. 

Where possible, it has been the writer’s practice to state the predominant 
cell type when a positive report is made. This was done in 23 of the 30 cases so 
reported. An opportunity for histological confirmation has occurred in 10 of 
these, and there has been agreement. 

Two sputa were erroneously thought to contain cells which were highly 
suggestive of carcinoma. The reasons for these two misdiagnoses are critically 
examined and it is concluded that one could have been avoided and one could not. 
Further research is necessary to eliminate false positive diagnoses. 


My thanks are due to Professor M. Maizels, Professor G. R. Cameron, F.R.S., 
and Dr. N. Schuster for their encouragement, help and criticism in the course of 
this work, to Dr. K. F. W. Hinson and Mr. A. W. Smart, senior technician in 
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the Pathology Department of the London Chest Hospital, for my early instruction 
in the method, and to the clinical staff and sisters of University College Hospital, 
who made the material for this study available to me. 
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KEY TO ILLUSTRATIONS. — 
For the purpose of description, the illustrations will be divided into the following sections : ] 
A. Cells normally found in the sputum. — 
B. Cells which have proved to be reliable in the diagnosis of bronchial carcinoma : 1 
(a) Cells associated with carcinoma of predominantly squamous cell type. grea 
(b) Anaplastic carcinoma cells : reser 

(1) Oat cells. 
(2) Spheroidal and spindle cells. F 

(c) Cells associated with tumours diagnosed histologically as alveolar cell carcinoma. are | 

Note.—No illustration is at present available of cel's from an adenocarcinoma in which imme 
there has been histological confirmation. and x 
c. Cells which are considered to be inconclusive in the diagnosis of bronchial carcinoma. F 

D. Cells seen in non-malignant conditions which may lead to a false diagnosis of carcinoma. N, 
All photographs are taken at a magnification of 400 diameters. matu 

Ly 

in the 

A. Cells Normally Found in the Sputum (Fig. 1 to 7). di‘fere 

Fig. 1.—A group of three squamous epithelial cells. They have pale eosinophilic cyto- ~~ 
plasm and a lightly staining nucleus which is more or less centrally placed. Where the half o1 
cytoplasm is folded, the cell tends to glisten, a feature that is not always seen and appears tends 
to be associated with a greater degree of keratinisation in the more mature cell. netwe: 
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When the sputum is much infected, many bacteria may be seen in the cytoplasm of these 
cells, and on occasion, the cell body may be infiltrated with pus cells, giving an appearance 
vhich once led the writer to suspect carcinoma. See Fig. 39. 

A normal squamous cell is well shown in the picture of oat cells, Fig. 27. 


Fig. 2.—Squamous cells of a smaller type which tend to occur in sheets in the sputum. 
‘hey stain more deeply than the larger type of squame, and are regular in size and rather 
«ngular in shape. There is very little variation in nuclear size, shape or staining density, 
« feature which usually makes them easy to distinguish from carcinoma cells. 


Fig. 3.—Normal bronchial epithelial cells obtained by aspiration at bronchoscopy. 
Characteristically these cells are elongated with a ciliated free border and a filiform point of 
attachment to the basement membrane. The nucleus, which is regular in size and oval in 
shape, is nearer to the attached end than to the free border of the cell and tends to make a 
small expansion in the cell body. The chromatin pattern is fine in the freshly shed cell but 
|ecomes dense in an older specimen. 

Sometimes, a mass of tangled bronchial epithelial cells gives a very disorderly appearance 
which may lead to confusion with carcinoma cells, but it is almost always possible to find 
ome cells in the mass which possess cilia, the presence of which is a clear indication that the 
cells are benign. Rarely, multinucleate bronchial epithelial cells are seen. 


Fig. 4.—Bronchial epithelial cells which show a considerable degree of irregularity in 
shape and size and dense misshapen nuclei. They either do not possess cilia or have lost 
them. Such an appearance is not infrequently seen in the sputum, and may lead to confusion 
with carcinoma. On close inspection, however, it will be seen that a number of cells in the 
clump have the general shape of bronchial epithelial cells, showing a wide free border and a 
filiform point of attachment, and the nuclear distortion is mainly due to the presence of 
vacuoles in the cytoplasm. It is possible to discern gradations from those which appear 
nearly normal to those which seem grossly abnormal. The whole clump can therefore be 
dismissed as benign. 


Fig. 5.—Macrophages devoid of dust particles. A group of macrophages which show the 
general characteristics of these cells. The cytoplasm is usually strongly eosinophilic and 
often has a somewhat foamy appearance. The nucleus occupies less than half the cell 
area and may be round, flattened at one side or reniform. It is usually eccentric in position 
and is commonly right at the side of the cell. When it is reniform, the convex border is 
towards the periphery. 

Normally the nucleus stains lightly and possesses a clearly defined perinuclear membrane 
and a small nucleolus. Multinucleate macrophages are common, occasionally as many as 
ten nuclei being found. 

While the majority of macrophages are more or less circular, they do on occasion show a 
great variety of shapes and may become considerably elongated, bearing a superficial 
resemblance to a distorted epithelial cell. 


Fig. 6.—Macrophages containing dust particles. This is the form in which macrophages 
are normally seen in the sputum. The presence of dust enables them to be identified 
immediately, provided that steps are taken to determine that the dust is actually in the cell 
and not overlying it. Carcinoma cells do not contain dust particles. 


Fig. 7—Lymphocytes and neutrophils. 
Neutrophils in the sputum appear as they do in other situations. Usually they are 
mature, though occasionally immature forms may be seen. 

Lymphocytes, when they are present, are commonly single, but may show clumping as 
in the illustration, in which case they bear a superficial resemblance to oat cells. The precise 
— between the two will be noted when the latter cells are described. See Fig. 27 
an: 28. 

The nucleus of the lymphocyte is constantly circular or very nearly so, and it occupies 
half or a little over half of the diameter of the cell. The nuclear chromatin is fairly dense and 
tends to be concentrated at the periphery. It has an uneven appearance, but no chromatin 
network is seen. Where cells appear in a clump, the nuclei maintain their round shape, 
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not being distorted by those of neighbouring cells. The cytoplasm shows as a clearly 
visible moderately eosinophilic rim round the nucleus. 


B. Cells which have Proved to be Reliable in the Diagnosis of Bronchial 
Carcinoma (Fig. 8 to 31). 


(a) Cells associated with carcinoma of predominantly squamous cell type (Fig. 8 to 26). 

Fig. 8 and 9.—Films showing a number of carcinoma cells which are recognisable unde: 
the low power of the microscope because of the considerable degree of pleomorphism whic): 
they exhibit. 


Fig. 8.—A field showing a clump of poorly differentiated squamous carcinoma cells. 
The large nuclei with uneven edges, the coarse chromatin pattern, and the irregularity in 
nuclear size and cell shape all indicate that these cells have been shed from a carcinoma. 


Fig. 9.—A field containing a considerable amount of eosinophilic cell debris with a few 
intact cells, one of which is of bizarre appearance. The presence of eosinophilic debris of 
this type is highly suggestive of carcinoma, though of course it could occur in other conditions 
leading to extensive epithelial breakdown in the bronchial tree or upper respiratory tract. 

The large cell has three nuclei and gives the impression of having inclusions in the cyto- 
plasm. These features, combined with the unusual shape of the cell, constitute clear evidence 
of carcinoma. The strongly eosinophilic cytoplasm is also suggestive of carcinoma, but may 
occasionally be seen in other degenerate epithelial cells. 

It should be noted that the appearance suggestive of inclusions seen in this cell differs 
from that shown in Fig. 21, 32, 33 and 36, in all of which the inclusion is clearly cellular. 
In the present case, the appearance suggests either that pieces of the cytoplasm of other cells 
have become enclosed, or the phenomenon is not in fact due to inclusion at all, but is caused 
by local differences in the refractive properties of different parts of the cytoplasm. The 
effect, when it is seen, stands out clearly in both the methylene blue and haemalum and 
eosin films, and the writer has never seen it in non-malignant cells. It is possibly associated 
with keratinisation, as films which show “ bright cells ” frequently show this effect as well. 


Fig. 10 to 21.—Single cells of types which have proved reliable in the diagnosis of bronchial 
carcinoma, 


Fig. 10, 11 and 12.—Cells showing distinctive nuclear characteristics. 


Fig. 10.—A cell showing marked nuclear hyperchromasia. A single cell from a film that 
contained many of similar type. The most striking feature of the cell is the fact that the 
nucleus stains nearly black. Such a change may be seen sometimes in markedly degenerate 
non-malignant epithelial cells in the sputum, but taken in conjunction with the irregularity 
of the nucleus and its relatively large size, it has proved a reliable indication of carcinoma. 


Fig. 11.—A large cell with pale staining cytoplasm and an elongated irregular nucleus. 
The nucleus is not so dense as in the previous specimen, but its very unusual shape is easily 
made out under the low power of the microscope. This type of cell and that shown in the 
previous illustration frequently occur together. 


Fig. 12.—A giant mononuclear cell with a very large nucleus. Mere nuclear size is, 
in the author’s experience, unreliable as an indication of carcinoma (see Fig. 37), but the 
very large size of both this cell and its nucleus and the coarse chromatin pattern make cells 
of the type shown reliable as an indication of carcinoma. 


Fig. 13, 14, 15 and 16.—Cells which are distinctive by virtue of their unusual shape. 


Fig. 13.—A “ tadpole ” cell. An elongated cell with a long filamentous tail. The nucleus 
shows no unusual characteristics and is situated in the wider “‘ body ”’ of the cell. Sometimes, 
chromatin masses are seen in the tail, and on occasion, two cell bodies, each containing 4 
nucleus, are united by a long filamentous bridge. A drawing of one of these is shown in 
Fig. 26. 
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Fig. 14.—A cell similar to that shown in the previous illustration in which the nucleus 
appears to be in mitosis. 


Fig. 15.—Two cells of unusual shape, with markedly eosinophilic cytoplasm, one of them 
resembling a “‘ tadpole ”’ cell in a field containing some eosinophilic debris, probably another 
carcinoma cell, and many macrophages. 


Fig. 16.—An elongated cell with ill-defined nuclear detail, but with, apparently, further 
‘yromatin masses at each end. This is a common type of carcinoma cell. 


Fig. 17 and 18.—“ Bright cells ”’. 

Cells of this type are not very commonly seen, but when they are present they stand out 
extremely clearly and can be recognised with ease. The writer has seen them only in cases 
of squamous cell carcinoma, and nothing resembling them has been seen in any sputum 
specimen from a non-malignant condition. 

They appear considerably more refractile than do normal cells, and by virtue of this 
property, look bright when compared with the cells that surround them. When put slightly 
out of focus they shine brilliantly. 

The high refractility of these cells is possibly associated with keratinisation, and may be 
related to the appearance shown in Fig. 1, in which normal squamous cells are seen to shine 
where the cytoplasm is folded. 

This phenomenon, though best seen in the haemalum and eosin preparation, is seen in 
the methylene blue film as well. 


Fig. 17.—A typical “* bright cell ” sharply in focus. The cell is more brilliant than those 
in its neighbourhood, the cytoplasm appears rugged, and the cell itself is surrounded by a 
greenish coloured band which is probably due to some optical property of the cytoplasm. 


Fig. 18.—A “ bright cell” slightly out of focus. Its brilliance is enhanced compared 
with the cells in the surrounding field. The coloured band which surrounds the cell stands 
out clearly. In addition to the cell described, there is a considerable amount of eosinophilic 


debris shown, similar to that seen in Fig. 9, which is taken from another part of the same 
film. 


Fig. 19 and 20.—Cells showing a double edge. 
The possession of a clearly defined double edge is a property occasionally seen in squamous 
carcinoma cells. It is not easy to know why this change should occur. 


Fig. 19.—A large cell with the appearance of a double edge. There is some suggestion 
of vacuolation between the two “edges”. The nuclear relationships are difficult to make 
out, but the cell appears to have a number of nucleoli. 


Fig. 20.—A smaller cell of similar type to that shown in the previous illustration among a 
collection of cells consisting chiefly of macrophages. 


Fig. 21.—A cell showing other cells included within its cytoplasm. 

This phenomenon is frequently seen in squamous carcinoma cells, but it should not be 
considered to be diagnostic of carcinoma unless the cells show some of the other attributes 
of malignancy, as phagocytosis is a property of macrophages, and a macrophage enclosing 
another cell may simulate a carcinoma cell closely (see Fig. 36). Often, when this phenomenon 
is seen, it is impossible to decide whether the enclosing cell is a macrophage or a carcinoma 
cell (see Fig. 32 and 33). 

In the present case, however, the giant size of the cell and the large hyperchromatic 
nuclei make it clear that both the including and the included cells are carcinoma cells. 


Fig. 22 and 23.—Clumps of cells. 
Che presence in the sputum of clumps of apparently abnormal epithelial cells must always 
give rise to a suspicion of carcinoma, but it is essential that such clumps be not considered 
as ‘iagnostic of malignancy unless the individual cells composing them have other malignant 
characteristics. Two clumps which are considered to have such characteristics are shown 
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in this section. The reader should refer also to the clump shown in Fig. 34, which is froin 
the sputum of a patient diagnosed clinically as suffering from bronchial carcinoma, but which 
is considered by the writer to constitute insufficient evidence to enable a diagnosis of carcinoma 
to be made. The present writer now shows considerable caution in the interpretation of 
the significance of such clumps as two mistakes have been made. Before this it was thouglit 
that clumps of epithelial cells of this type constituted strong evidence of carcinoma. How- 
ever, the clumps shown in Fig. 41 and 42, which were both thought to be strongly suggestiv » 
of carcinoma, were from patients who had no other evidence of carcinoma at the time, an | 
in one of whom there was later no post-mortem evidence. The other has been followed for 
nine months and has developed no sign of a tumour. 


Fig. 22.—A clump of cells showing considerable variation in nuclear staining. One of thein 
has three nuclei. The individual cells might be confused with macrophages, but the latter 
are smaller and are not seen in clumps of this type, nor do they show such variation in nuclear 


characteristics. 
Fig. 23.—A clump of cells some of which bear a strong resemblance to “ tadpole ”’ cell». 


Fig. 24, 25 and 26.—Drawings of features seen in squamous carcinoma cells in the 
methylene blue preparation. 


(b) Cells associated with anaplastic carcinoma (Fig. 27 to 31). 

Fig. 27 and 28.—(1) Oat cells. 

Oat cells, when seen in the sputum, tend to occur in clumps, and are approximately tiie 
same size as a lymphocyte. They have the following characteristics which, taken together, 
distinguish them clearly from any other cell that is seen in the sputum : 

(1) The nucleus is large in relation to the cell. The cytoplasm may be visible as a thin 
rim, or it may not be seen at all. Where neighbouring cells are closely applied to each other, 
as is often the case, cell borders are not seen, the appearance being that of a syncytium. 

(2) The nuclei of all the cells in a clump are of approximately the same size, but they 
vary considerably in shape, many of them tending to be rectangular. The reason for this 
is that the nuclei of neighbouring cells indent each other. This is the most important 
single feature in the identification of oat cells. 

(3) The nucleus usually stains deeply, but the chromatin pattern can nearly always be 
distinguished. Under the ;';-inch objective it is seen to be reticulate, with small masses of 
chromatin here and there. It resembles closely the appearance of a reticulocyte stained 
to show the reticulum. 

None of these features is seen in lymphocytes, which are the only cells found in the 
sputum with which oat cells are likely to be confused. 


Fig. 27.—A small clump of oat cells which shows well the relative uniformity of nuclear 
size, and the variation in nuclear shape. The moulding together of the nuclei of neighbouring 
cells is clearly seen. 


Fig. 28.—Part of a large clump of oat cells. The nuclear moulding is not so well shown 
as in the previous illustration, but the variation in nuclear staining density can be seen. 
Although most of the nuclei stain deeply, few are so dense that the chromatin pattern could 
not be made out under the ,';-inch objective. 

The elongated arrangement of the clump is a feature commonly seen in oat cell carcinoma, 
and forms useful contributory evidence of the condition. Macrophages may occasionally 
be seen in similar compact clumps, the individual cells being compressed against one another 
but their nuclear characteristics are very different from those of oat cells and confusion is 
not therefore likely to arise. Oat cells can be identified rather more easily in the haemalum 
and eosin than in the methylene blue film, but their essential characteristics are shown in 


each. 
Fig. 29.—(2) Spheroidal and spindle cell carcinoma. 
A field showing a group of cells similar to, but larger than, oat cells and a small bunile 
of spindle cells. The nuclei of the spheroidal cells are mostly large and nearly fill the cell, 
but in some of the cells, the nucleus has contracted down and appears degenerate. 
Spindle cells occur in bundles, a small one of which is shown in the illustration. 
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(c) Cells associated with tumours diagnosed histologically as alveolar cell carcinoma (Fig. 30 and 
31). 
In the writer’s experience no one cell type is characteristic of this variety of tumour. 


Fig. 30.—A cell of bizarre shape, containing three masses of chromatin. The general 
appearance of this cell suggests squamous cell carcinoma. 


Fig. 31.—A field from a sputum film which shows clumps of cells, one of which exhibits 
vacuolation. Clumps of cells of this type have been described in adenocarcinoma. 


c. Appearances which are Considered to be Inconclusive in the Diagnosis of 
Bronchial Carcinoma (Fig. 32 to 34). 

Fig. 32 and 33.—Cells showing other cells enclosed within them. 

These fields are from sputum films of patients suffering from bronchial carcinoma of 
predominantly squamous cell type. They probably are carcinoma cells, but are not 
considered to constitute sufficiently strong evidence upon which to make a diagnosis, as 
macrophages showing inclusions can look very similar to this. See Fig. 36. 


Fig. 32.—A binucleate cell encircling another cell. The neutrophils are probably super- 
imposed. 


Fig. 33.—A cell showing two cells enclosed within it. The lumpy appearance of the 
chromatin of these three cells makes it probable, but not certain, that these are carcinoma 
cells. 


Fig. 34.—A clump of cells, the individual members of which have no definite 
characteristics of malignancy though one of the cells seems to possess large nucleoli—an 
appearance which may be due to the superimposition of pus cells. At one time, clumps 
of this type were thought by the writer to be diagnostic of carcinoma, but a clump of rather 
similar appearance led to a false positive diagnosis in a patient who was found at post- 
mortem examination not to be suffering from carcinoma. See Fig. 41. 

For clumps of cells that are considered to be diagnostic of carcinoma, see Fig. 22 and 
23. 


D. Cells seen in Non-malignant Conditions which may Lead to a False Diagnosis 
of Carcinoma (Fig. 35 to 43). 

Fig. 35.—A group of epithelial cells showing a considerable degree of pleomorphism and 
nuclear degeneration. This is the most confusing appearance that has been seen in the 
whole series. The cells resemble carcinoma cells closely, but in no case is the nucleus large. 
This field, and the three that follow, were from the sputum of a single patient, in whom a 
positive diagnosis was made as a result. No treatment was instituted, and he has now been 
followed for over a year without any evidence of carcinoma developing. 


Fig. 36.—A macrophage showing another cell included within it. 
compared with the cells shown in Fig. 21, 32 and 33. 


This should be 


Fig. 37.—A group of cells, two of which have large nuclei with a course chromatin net- 
work. They are probably not macrophages, as the nuclei are too large. It is more likely 
that they are epithelial cells in an actively growing state. 


Fig. 38.—Two cells showing vacuolation of their cytoplasm. They resemble some 
types of carcinoma cell in the possession of vacuoles, but they have the proportions of a 
macrophage. Cells of this type are relatively common in the sputum. 

Vacuolated cells are not significant in the diagnosis of carcinoma unless they occur in 
cluinps and possess some of the other characteristics associated with malignancy. 


__ Fig. 39.—A squamous epithelial cell heavily infiltrated with neutrophils in a grossly 
infected sputum. This appearance, in which the epithelial cell is reduced to a thin rim 
round the neutrophils, is seen to occur in both normal epithelial cells and carcinoma cells. 
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Fig. 40.—A body which resembles the centre of an epithelial pearl, from the sputum 
of a patient who has developed no evidence of carcinoma in the course of nearly a yeer 
since this finding was made. It was probably derived from the epithelium of the mout. 
or pharynx, but its precise origin is not clear. 


Fig. 41 and 42.—Clumps of cells. 


Fig. 41.—A clump of cells which appear to surround a vacuole from the sputum of a 
patient who, on the strength of this evidence, was thought by the writer to be suffering fro: 
bronchial carcinoma. The patient came to post-mortem and was diagnosed as having 
suffered from haemorrhagic bronchitis. See also Fig. 22, 23 and 34. 


Fig. 42.—A small piece of tissue with ill-defined cell boundaries and large vesicular nuclei, 
from the sputum of a patient who in the ensuing nine months has developed no evidence of 
carcinoma, though, of course, such evidence may appear later. 
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INTRA-VASCULAR MICRO-EMBOLIC CARCINOMATOSIS AS A 
CAUSE OF PURPURA. REPORT OF A CASE ASSOCIATED 
WITH FOCAL HISTOLOGICAL LESIONS IN THE NERVOUS 
SYSTEM. 


W. T. SMITH anv A. G. W. WHITFIELD. 
From the University of Birmingham and the United Birmingham Hospitals. 


Received for publication December 14, 1953. 


THE simultaneous occurrence of purpura and carcinomatosis, although 
uncommon, is well recognised and a number of cases have been recorded in the 
literature. These cases were usually associated with widespread bone metastases, 
and only occasionally was there no thrombocytopenia (Willis, 193la ; Beiglbock, 
1933; Jarcho, 1936) or no leuco-erythroblastic reaction in the peripheral blood 
(Dunner, 1921; Willis, 193la ; Stebbins and Carns, 1935). 

In the majority of recorded cases the primary growth was in the stomach 
(Frese, 1900; Schleip, 1906; Dunner, 1921 ; Selmann and Krasnopolski, 1926 ; 
Blum, 1928; Kohn, 1931 ; Lawrence and Mahoney, 1934; Stebbins and Carns, 
1935; Jarcho, 1936; McLeod and Goodale, 1938 ; Thompson and Illyne 1940 ; 
Willis, 1942) and many of the patients were young, over 50 per cent being in the 
third or fourth decade. Other cases have resulted from primaries in the prostate, 
(Beiglbock, 1933 ; Thompson and Illyne, 1940) colon, (Jarcho, 1936 ; Thompson 
and Illyne, 1940) bronchus, (Willis, 193la ; Cosin, 1935) breast, (Waugh, 1936) 
and liver (Herzog and Roscher, 1921). 

Frequently the primary carcinoma was evident during life. In two reports 
(Waugh, 1936; Willis, 1942) it followed within a year of operations for cancer. 
In others the primary gave rise to symptoms (Steinfield and Shay, 1930 ; Lawrence 
and Mahoney, 1934 ; Thompson and Illyne, 1940), or a growth has been palpable 
(Thompson and Illyne, 1940). Occasionally radiological examination has 
revealed the neoplasm or its metastases in either the bones (Blum, 1928 ; Cosin, 
1935; Thompson and Illyne, 1940) or lungs (Stillman, 1931; Waugh, 1936). 
Often, however, the primary growth has been remarkably silent (Beiglbock, 
1933; Stebbins and Carns, 1935; Jarcho, 1936; McLeod and Goodale, 1938 ; 
Thompson and Illyne, 1940), radiological examination of the skeleton has been 
negative (Lawrence and Mahoney, 1934 ; Stebbins and Carns, 1935 ; Jarcho, 1936; 
Waugh, 1936; Willis, 1942) and the condition has appeared to be a primary 
blood dyscrasia, the associated carcinoma being unsuspected until autopsy. In 
one of Dunner’s patients (Dunner, 1921) and one of Stillman’s patients (Stillman, 
1931) the gastric neoplasm was discovered when the abdomen was opened to 
remove the spleen, while in other cases the clinical diagnoses were thrombocyto- 
penic purpura, (Stebbins and Carns, 1935) purpura haemorrhagica (Stillman, 1931 ; 
McLeod and Goodale, 1938) lymphoblastoma (Thompson and Illyne, 1940) or 
chronic myeloid leukaemia (Jarcho, 1936). The occurrence of splenic enlargement 
(Selmann and Krasnopolski, 1926; Stillman 1931; Terplan and Vaughan, 
1934; Cosin, 1935; Waugh, 1936; Jarcho, 1936; Thompson and IIllyne, 1940) 
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has often biased the clinician in favour of a purely haematological diagnosis. 
Despite the frequent difficulties in clinical diagnosis the primary growth and/or i's 
metastases were always readily visible at autopsy. 

Jarcho (1936) stated that many patients dying from malignant thrombocyto- 
penic purpura also showed lymphangitic carcinomatosis of the lungs althoug) 
histological examination was often necessary to demonstrate its presence. He 
adopted the term “ diffusely infiltrating carcinoma” to cover both malignant 
purpura and lymphangitic carcinomatosis of the lungs, suggesting that they were 
manifestations of the same disease process. When the bone marrow was predom'- 
nantly involved the haematological upset was the outstanding feature, whilst 
maximal involvement of the lungs gave rise clinically to dyspnoea, cyanosis», 
unproductive cough with subsequent death from asphyxia or subacute co:- 


pulmonale. Jarcho (1936) also states: ‘‘The complex of diffusely infiltrating ~ 


carcinoma is further shown to include occasional instances of Krukenburg tumour 
of the ovary.” 

The finding histologically of tumour cells in pulmonary blood vessels in cases 
of purpura associated with cercinomatosis has often been reported (Herzog and 
Roscher, 1921; Lawrence and Mahoney, 1934; Stebbins and Carns, 1935; 
Thompson and Illyne, 1940). Their presence within vascular channels in the 
bones (Stebbins and Carns,1935; Waugh, 1936), and in the portal vein, central 
veins and sinusoids of the liver (Lawrence and Mahoney, 1934; Stebbins and 
Carns, 1935) has also been recorded. 

In the patient that we now describe the purpura appeared to result from tumour 
emboli in the skin, subcutaneous tissues, kidneys and brain, but there was no 
clinical or radiological evidence of its malignant nature despite the fact that 
the possibility was very much in mind in view of a history of radical mastectomy 
74 years previously for substantiated breast carcinoma. 


Case Details. 
Clinical. 

The patient, a housewife, was well until the age of 41 when she underwent a 
myomectomy for a cervical fibroid which was causing retention of urine. Histo- 
logical examination of the fibroid showed no evidence of malignancy. Nine 
months later (April 1945) she noticed a swelling in her right breast for which 
radical mastectomy was performed. Histology showed a polyhedral-celled 
carcinoma (Fig. 1) with metastases in the axillary lymph glands. From then 
she remained well until the autumn of 1952 when she complained that minor 
traumata tended to cause a spreading bruise which often persisted for several 
weeks. On Boxing Day, 1952, she noticed profuse painless haematuria which 
lasted for 19 days. Investigation showed no casts in the urine, a normal blood 
urea and normal intravenous and retrograde pyelograms. On cystoscopy there 
was hyperaemia of the base of the bladder. The peripheral blood showed 
4,000,000 red cells, 81 per cent haemoglobin, 5,600 white cells and a normal 
differential count. There were no primitive red or white cells and the platelets 
numbered 170,000. Bleeding and clotting times were normal but Hess’s test 
was strongly positive. Haematuria and bruising continued and the patient was 
admitted to the Queen Elizabeth Hospital, Birmingham, on the 2nd of March, 
1953, for further investigation. On admission examination revealed marked 


woul 
from 
node 
The 
tra be 
T 
hacm 


fa 

pe 

ly 

ra 

q a | 

bie 

4 Th 

nol 

no 
i Ist 
an 
tre 

4 sig 

pul 

4 whi 
hae 
righ 
4 con 
4 rem 

unu 
infil 
sho 
of 
It s 
orig: 

whic 
foun 
in w 
. 

foci: 

2 A sn 

The 

4 chan 

‘a 


MICRO-EMBOLIC CARCINOMATOSIS AND PURPURA 99 


pallor and widespread ecchymoses on the arms and legs; haemorrhages were 
seen in both fundi. The spleen and liver were impalpable and there was no 
|ymphadenopathy. The C.N.S. showed no physical signs at this time. The 
»astectomy scar showed no evidence of secondary carcinoma and the chest 
radiograph and X-rays of the entire skeleton were normal. The blood pressure 
was a little elevated (190/100) but the heart was normal. The urine contained 
a few red cells, polymorphs and coliform bacilli. Hess’s test was negative, the 
| 'eeding and clotting times were normal and the prothrombin was 100 per cent. 
‘here were 2,180,000 red cells, 46 per cent haemoglobin, 5,000 white cells and a 
normal differential count. The absolute values were normal. Again there was 
ro leuco-erythroblastosis and the platelets numbered 188,000 on one count and 
136,000 on another. Sternal puncture gave a dry tap. The liver function tests 
and Vitamin C saturation test were normal and the blood urea was 28 mg. per cent. 

Transfusion of two pints of blood was given and the urinary infection was 
treated with streptomycin. Six days after admission the patient developed 
signs of a cerebral haemorrhage and died within a few hours. No cause for the 
purpura had been found during life. 


Post-mortem findings. 

There were many skin ecchymoses over the legs, thighs and arms, some of 
which extended deeply into the underlying tissues. There were petechial 
haemorrhages on the posterior third of the tongue and soft palate. A healed 
right mastectomy scar showed no recurrence of carcinoma. The right axilla 
contained several lymph nodes which felt firm, but their cut surfaces were not 
remarkable. The left breast and axilla were normal. 

The pleural surfaces of the lungs were normal. Their cut surfaces were 
unusually bloodless, firm in texture and grey in colour. These gross appearances 
suggested diffuse pulmonary fibrosis. There was no evidence of carcinomatous 
infiltration. The hilar lymph nodes were enlarged and firm and their cut surfaces 
showed several tiny grey homogeneous areas. In view of the previous history 
of breast carcinoma a frozen section was prepared from one of these glands. 
It showed secondary polyhedral-celled carcinoma consistent with a primary 
origin in the breast. These nodes were not adherent to the hilar blood vessels 
which were normal in all respects. Two similar para-tracheal lymph nodes were 
found 1 em. inferior to the thyroid gland. 

The upper 12 cm. of both femoral shafts contained pink marrow which sank 
in water and which on close inspection was flecked with several pale homogeneous 
foci measuring 1-2 mm. in diameter. There was absorption of the bony trabeculae. 
A smear prepared from this marrow showed irregular clumps of malignant cells. 
The rest of the marrow was fatty. Immediately inferior to the left lesser tro- 
chanter was a smooth walled cyst 2 x 1 cm. diameter. The femoral marrow 
would have been accepted as showing hyperplasia and a simple cyst resulting 
from previous haemorrhage if carcinomatous deposits in the pulmonary lymph 
noes had not been confirmed histologically earlier in the course of the autopsy. 
The sternum showed hyperplasia of red marrow and absorption of the bony 
trabeculae. 

The brain showed symmetrical swelling of both frontal lobes and bilateral 
tentorial herniations. Sectioning revealed extensive bilateral intracerebral 
haemorrhages involving the white matter dorsal and anterior to the genu of the 
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corpus callosum. The haemorrhages extended backwards on both sides as far 
as the post-central gyrus, becoming continuous at this level by involvement of 
the body of the corpus callosum. Both lateral ventricles contained recent blood- 
clot. The basal ganglia, brain-stem, cerebellum, venous sinuses and pituitary 
showed no macroscopical changes apart from occasional petechial haemorrhages. 
The vessels of the Circle of Willis and their major branches showed no evidence 
of embolism or thrombosis. 

The thyroid was small, hard, had an irregularly scarred outer surface and 
showed several brownish areas—each 1-2 mm. in diameter—on its cut surface. 
These areas resembled old areas of haemorrhage. The oesophagus and rena! 
pelves showed sub-mucosal haemorrhages ; the capsular and cut surfaces of both 
kidneys appeared normal. The liver was pale and soft and showed numerous 
irregular yellowish zones of fatty degeneration. The gall bladder was normal. 
Several para-aortic lymph nodes felt firm, their cut surfaces were a uniform 
pinkish-grey colour and were devoid of definite metastatic deposits. 

The pericardium, heart, stomach, intestines, spleen, pancreas, suprarenals, 
urinary bladder, Fallopian tubes and ovaries all appeared normal macroscopically. 
The uterus contained several small intra-mural fibroids. 

Although there had been histological confirmation of secondary deposits in 
the pulmonary lymph nodes and bone-marrow during the autopsy, it should be 
emphasised that there was no other definite evidence of gross metastases, despite 
extensive examination of all viscera. The brownish foci noted in the thyroid 
were subsequently shown to contain microscopical tumour deposits, but this was 
not obvious macroscopically. 


Histological findings. 

(1) The primary neoplasm.—The sections of the breast tumour and azillary 
lymph nodes removed at operation 8 years before death were available for examina- 
tion. The tumour was an infiltrating polyhedral-celled carcinoma having a 
mixed solid-acinar, trabecular and papillary type of structure. It showed 
both lymphatic permeation and invasion of venous channels (Fig. 1) and carcinoma 
cells were noted in the lumina of several veins. The axillary lymph nodes were 
extensively infiltrated with similar carcinoma. 

(2) Tissues taken at autopsy.—The pulmonary and right axillary lymph nodes 
and femoral marrow contained microscopical metastases which resembled the 
primary tumour morphologically. 

The abdominal lymph nodes, thyroid and posterior lobe of pituitary showed 
scanty microscopical metastases nevertheless still identifiable with the primary 
growth. The above tissues also showed intra-vascular carcinomatous emboli, 
which had not effected extra-vascular extension. 

All other post-mortem material examined showed numerous intra-vascular, 
micro-emboli composed of compact clumps of polyhedral carcinoma cells devoid of 
stroma. The cells were cytologically identical with those which constituted the 
primary tumour, but because of the minute size of the emboli the general pattern 
of the primary was lacking. The vessels containing emboli were small arteriol:s, 
capillaries and occasionally venules. Extra-vascular infiltration was not seen but 
complete vascular plugging was noted in capillaries and a few small arterioles. 
A few impacted capillary emboli showed superadded thrombus. Except in the 
lung, there was no evidence from serial sections that emboli which lay free in any 
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given plane of section actually plugged the parent-vessels at some distant point. 
‘There were no significant changes in vessel walls. 

Throughout the lung (Fig. 2) abundani intra-capillary carcinomatous emboli 
were seen. In most places these emboli were free-lying but occasionally there was 
complete plugging of capillaries. The alveolar capillaries therefore constituted 
a communicating tubular framework loosely packed but not completely occluded 
hy carcinoma cells. Most of the alveoli were empty but a few contained detached 
clumps of tumour cells. Tumour emboli were also seen in pulmonary arterioles, 
venules and in peri-bronchial and sub-pleural lymphatics. There was no 
evidence of extra-lymphatic infiltration. There were no haemorrhages or infarcts. 

The upper femoral bone marrow showed areas of polyhedral-celled carcinoma 
intimately associated with islets of haemopoietic cells—megakaryocytes were 
identified. Blood channels containing carcinoma plugs were conspicuous. There 
was resorption of cancellous bone and the cyst noted macroscopically was lined 
partly by a thin layer of fibrous tissue, partly by atrophic bony trabeculae and 
partly by carcinoma cells. There were many iron-containing phagocytes 
(siderophages) in the vicinity of the cyst. 

Tumour emboli were present in small blood vessels of the cerebral cortex, 
hypothalamus, brain-stem and choroid plexus. Some of these emboli completely 
plugged the parent vessels and some lay free ; occasionally they showed super- 
udded thrombus. Narrow zones of peri-vascular demyelination and haemorrhage 
and many elongated, clearly defined foci of softening were seen in the cerebral 
white matter. There was an irregular band of myelomalacia up to 5 mm. in 
width immediately adjacent to the massive haemorrhage. Capillaries plugged 
with tumour cells were seen in the molecular and Purkinje cell layers of the 
cerebellum (Fig. 3); focal loss of Purkinje cells resulted in gaps in the Purkinje 
layer. Frozen sections of the medulla stained with Sudan IV showed irregular 
zones of early myelin degeneration, mainly in the pyramids and inferior cerebellar 
peduncles. The sub-arachnoid space contained siderophages. There were 
intravascular tumour emboli in the coeliac ganglion (Fig. 4) and the peripheral 
nerves showed demyelination and axonal swelling of occasional fibres. A perineural 
lymphatic of the right brachial plexus was permeated by carcinoma. The spinal 
cord was not examined. 

The liver (Fig. 6) showed marked fatty degeneration, portal tract fibrosis 
and free-lying carcinomatous emboli in the sinusoids and arterioles of the portal 
‘riads. Similar emboli were seen in small blood vessels of the myocardium and 
in the sinusoids of the anterior pituitary (Fig. 7) and suprarenal cortex. The 
kidneys showed tumour emboli in the glomerular capillaries and in places the 
glomerular tuft was involved segmentally (Fig. 8). The renal tubules contained 
red blood cells or occasional clumps of tumour cells—‘‘ tumour casts.’’ Intra- 
capillary carcinoma plugs were seen in the dermis and sub-cutaneous fat in sections 
prepared from areas of skin ecchymoses. The muscles showed intra-capillary 
tumour emboli and the spleen showed occasional clumps of carcinoma cells in 
the Malpighian arterioles and sinuses of the pulp. 

The thyroid (Fig. 5) showed microscopical deposits of extra-vascular secondary 
carcinoma into which haemorrhage and infiltration with siderophages had occurred. 
The gland also showed well-marked parenchymal atrophy, heavy lymphoid 
in‘ltration, dense hyaline fibrosis and occasional multinucleated giant cells. 
Intra-vascular tumour emboli were also seen. 
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DISCUSSION. 


Long delayed metastases following successful local removal of a primary 
growth is not rare. This is especially so with carcinoma of the breast and latent 
periods up to 28 years are recorded (e.g. Ransohoff, 1907; Warren, 1948). In 
these and other reports studied typical macroscopical metastases were presen:. 
in our patient purpura first occurred 7} years after radical mastectomy. Physica, 
radiological and haematological examinations showed nothing to suggest 1 
recurrence of growth and even at autopsy naked-eye evidence of metastases was 
limited to the pulmonary lymph-nodes and bone-marrow. These foci were at 
first viewed with scepticism and confirmation at autopsy by frozen sections ani 
marrow smears was deemed necessary. Therefore, the demonstration micro- 
scopically of ubiquitous involvement of body tissues with intra-vascular carcinoma 
showing minimal tendency to extra-vascular spread was a surprising feature. 

At the time of the original mastectomy extensive secondary infiltration of 
the axillary lymph-nodes was histologically substantiated. The post-operative 
history of the case may be explained in two ways. Either (1) viable carcinoma 
cells survived in unextirpated glands or other sites of pre-operative metastasis 
during the major part of the long period of apparent surgical cure, and only 
later—perhaps related in time to the onset of purpura 6 months before death— 
gained access to the general circulation by venous invasion, or (2) a degree of 
intra-vascular dissemination was also present since the original operation, but 
for 74 years had not resulted in manifest embolic phenomena. If this second 
explanation is true, then it is probable that for the major part of the post-operative 
period comparatively few carcinoma cells were present in the blood stream as 
otherwise, embolic phenomena recognisable clinically would have been expected. 
Indeed, whichever explanation is accepted—and the venous invasion seen in 
the primary growth is a point in favour of the second—the onset of purpura 
probably coincided with a rapid increase of circulating tumour cells. 

In most of the tissues showing complete embolic occlusion of blood vessels, 
there was either clinical evidence of embolic phenomena (e.g. skin, kidneys or 
brain), or else there was histological evidence of previous cryptic haemorrhage 
(e.g. bone-marrow and thyroid). The lung was the main exception to this state- 
ment. Widespread intra-vascular deposits, in places apparently resulting in 
complete occlusion, had not given rise to obvious symptoms or signs during life, 
even though cardio-respiratory manifestations arising on this basis are well 
recognised (Jarcho 1936, Storstein 1951). Neither did the lung show histological 
evidence of embolic phenomena. Carcinoma cells had undoubtedly passed 
through the pulmonary vascular bed and into the systemic circulation without 
interruption or the formation of metastases. This is a rare phenomenon and is 
discussed in detail by Willis (1952, page 45). The experimental evidence of 
Zeidman and Buss (1952) suggests that the transpulmonary passage of tumour 
emboli may occur more commonly than was previously supposed. 

The reason for the absence of the usual type of gross metastases in this patient 
is unknown. The fact that all organs examined showed tumour emboli, often in 
large numbers, does not support the view of Coman (1953) that the distribution 
of metastases is dependant upon the number of embolic cells reaching the various 
organs. Factors other than the frequency-distribution of tumour cells appear ‘o 
have played a part in our case. The development of a typical metastasis involves 
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‘he formation of a vascular stroma derived from host connective tissues, after 
extra-vascular infiltration of tumour cells has occurred at the site of embolic 
arrest. It may be argued on “a priori” grounds that the factors determining 
ine intra-vascular sojourn of the tumour cells in our patient, resided in the host 
c mnective tissues rather than the tumour cells. The ancestral neoplastic cells 
constituting the primary growth clearly possessed infiltrative propensities. 

niess the intra-vascular descendants of these cells had lost these inherent 
:ggressive characteristics—and the presence of mitoses, lack of degenerative 
changes and the scanty but nevertheless definite microscopical foci of extra- 
\ascular infiltration that were found does not support this view—one is left 
i» assume that the unusual behaviour of this neoplasm resulted from a lack of 
tne host stromal response which is such an essential factor in successful meta- 
siasisation. The possibility that “stroma-inducing ”’ properties of the tumour 
c lls were lacking, cannot of course be excluded by histological criteria. 

It is reported (Willis, 1952, page 272) that carcinoma of the breast produces 
intra-thyroid metastases in about 20 per cent of cases. It has also been shown 
(Willis, 19316) that pre-existing abnormalities in the gland were prominent in 
cases of carcinoma showing intra-thyroid deposits. These findings favour the 
view that the associated chronic non-specific thyroiditis in our case, preceded the 
secondary deposits. In a recent paper describing four cases of sub-acute cerebellar 
degeneration occurring in association with carcinoma elsewhere in the body, 
Brain, Daniel and Greenfield (1951) recorded non-specific thyroid changes 
in one of their patients, similar to those found in our patient. The primary 
was an ovarian carcinoma but intra-thyroid deposits were not present. The 
status of the thyroid gland in carcinomatosis seems to merit further investigation. 
It will depend upon the results of such studies as to whether relationship can be 
seen between the thyroid changes and the unusual features of our case. 

The presenting symptoms of haematuria and skin purpura were related to the 
presence of tumour emboli in the skin and glomerular capillaries. Haemato- 
logical investigations during the life failed to elucidate any other aetiological 
factors. Vascular changes in the skin in malignant disease have recently been 
described (Forman 1952) and may have contributed to the skin lesions shown by 
our patient. 

The terminal acute massive cerebral haemorrhage may have resulted from the 
rupture of a small degenerative blood vessel traversing a pre-haemorrhagic focus 
of softening, a mechanism postulated by Globus (1937) and further substantiated 
by Globus and Epstein (1953). The presence of embolic phenomena elsewhere 
in the body, the unusual distribution of the effused blood, and the absence of 
cerebro-vascular disease excluded the possibility that this was a coincident 
haemorrhage of the classical spontaneous variety. Madow and Alpers (1952) 
have described a case of cerebral softening due to multiple cerebral carcino- 
matous emboli, the primary tumour being a squamous carcinoma of bronchus. 
As in our case there were no macroscopical cerebral deposits but other visceral 
meiastases were however abundant. The above authors also refer to three 
previously recorded cases of cerebral softening resulting from blood-borne 
carcinomatous emboli. Cerebral lesions due to massive neoplastic embolism 
are reviewed by Till and Fairburn (1947). A case of cerebral softening resulting 
from tumour embolism precipitated by pneumonectomy for carcinoma of bronchus 
is also reported (Eason, 1950), and the attention of one of us (W. T. 8.) has been 
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drawn to a similar unrecorded case. The petechial haemorrhages, microscopical 
softenings and focal demylination in the cerebral white matter of our patient 
resembled experimental lesions produced by the injection of calibrated paraffin 
emboli (Swank and Hain, 1952) and sterile cod-liver oil (Lumsden, 1950) into the 
cerebral circulation. 

Cerebellar degeneration (Brain et al., 1951) and peripheral neuritis (Denny - 
Brown, 1948) occurring in association with carcinoma elsewhere in the body have 
been described. The neurological lesions in these cases were not associated 
with tumour deposits and their precise aetiology is unknown. Metabolic 
disturbances and dietary deficiencies have been suggested. The changes in the 
cerebellum and peripheral nerves of our case bear only a superficial resemblance 
to the lesions described in the above reports as they were focal, associated wit) 
carcinomatous emboli and did not include systematised tract degeneration as 
far as we could ascertain. Furthermore, in our case—apart from the terminal 
apoplexy—the neurological lesions gave rise to no definite symptoms or signs. 

The platelet thrombosis syndrome (““ Thrombotic Microangiopathic Haemolytic 
Anaemia ’’) has recently been reviewed by Symmers (1952), who states that this 
condition was first described by Moschowitz (1924). The essential lesions consist 
of widely disseminated occlusion of blood vessels of small calibre by thrombi 
probably consisting of fused platelets. The type of blood vessel involved is the 
same as in our case and the clinical picture can be remarkably similar. The 
neurohistological lesions in this syndrome were described by Adams, Cammermeyer 
and Fitzgerald (1948) and are easily differentiated from those noted in our case 
by the presence of platelet thrombi, endothelial and probably adventitial hyper- 
plasia in the walls of the involved vessels and less severe damage to the neural 
tissue. Thrombocytopenia is usually present both in previously recorded cases 
of malignant purpura and in the platelet thrombosis syndrome. Symmers 
(1952) does however state that non-thrombocytopenic phases occurred in substan- 


EXPLANATION OF PLATES. 


Fic. 1.—Section of the primary breast carcinoma showing invasion of the wall of a small vein. 
Haematoxylin and eosin. x 90. 

Fic. 2.—Lung, showing carcinoma emboli in a small pulmonary vein and alveolar capillaries. 
H.& E. x 130. 

Fic. 3.—Cerebellum, arrows indicate carcinoma emboli in the molecular and Purkinje cell 
layers. A normal Purkinje cell is seen at one edge of the figure, and a degenerate Purkinje 
cell below and to the left of the lower embolus. Haematoxylin and Van Gieson. x 325. 

Fic. 4.—Coeliac ganglion, showing a free-lying intra-capillary carcinoma embolus. Several 
neurones showing ischaemic atrophy and disappearance of their nuclei can also be seen. 
H.& E. x 290. 

Fic. 5.—Thyroid, showing lymphoid infiltration and fibrosis. A tumour embolus is arrowed. 
A lobule of atrophic parenchyma is seen in the upper left corner of the figure. H. & E. x 
115. 

Fic. 6.—Liver, showing free-lying tumour emboli in the sinusoids. The liver cells show fatty 
vacuolation. H.& E. x 115. 

Fic. 7.—Anterior pituitary. Arrows indicate tumour emboli in the vascular sinusoids. 
H.& E. x 110. 

Fic. 8.—Showing intra-capillary emboli in a renal glomerulus, involving a segment of the tuft. 
H.& E. x 160. 

Fic. 9.—Skeletal muscle, showing an intra-capillary carcinoma embolus. H. & V.G. x 880. 


rr 
4 
4 
7 


} 


>= 


JOURNAL OF CANCER. . VII, No. 1. 


Smith and Whitfield, 


a 


PR 
| 
a 
4 
q 


Vol. VIII, No. 1. 


PaivisH JOURNAL OF CANCER. 


Smith and Whitfield. 


105 


MICRO-EMBOLIC CARCINOMATOSIS AND PURPURA 


tiated cases of the latter disease. It is possible that intra-vascular carcinomatosis 
such as we have described could be confused with the platelet thrombosis syndrome 
clinically, especially in the presence of such a non-thrombocytopenic phase. 

Intra-vascular carcinomatosis, presenting as purpura without thrombocyto- 
penia and showing only trivial macroscopical metastases is rare, if not unique. 
Vertel (1935) recorded a case of a man dying 6 months after partial removal of 
a gastric carcinoma. This patient showed anaemia, limb pains and emaciation 
clinically. X-ray of the bones was normal but purpura was not recorded. At 
autopsy gross metastases were not present and yet histology revealed intra- 
vascular carcinoma in the liver, lungs, one suprarenal, lymph nodes, bone-marrow 
and dura-mater. The degree of intra-vascular spread noted both in Oertel’s 
and our own cases leads us to suggest that a search for carcinoma cells in marrow, 
skin or muscle biopsies and perhaps in urine, sputum or even blood specimens 
nay be of diagnostic value in suspected cases of intra-vascular carcinomatosis 
either associated with an occult primary growth or occurring after radical excision 
of a known primary. Such investigations may also help in differentiating the 
condition from the platelet thrombosis syndrome. A search through the literature 
pertaining to malignant purpura has revealed that in many cases where histo- 
logical examination was complete, tumour emboli were noted. We feel that even 
though features such as thrombocytopenia were present, tumour emboli may have 
been a factor in the mechanism of the purpura in these cases. 

The evidence that we have presented shows that our patient finally died from 
the mechanical effects of tumour emboli that had not resulted in macroscopical 
metastases, and also that carcinoma cells may have existed “‘ commensally ” in 
the blood stream for many years. What the subsequent natural history of this 
neoplastic process would have been had embolic phenomena not supervened, 
is an interesting problem for contemplation. Clinico-pathological investigation 
of other cases may contribute to a better understanding of the metastatic immunity 
exhibited by our patient. 


SUMMARY. 


A case of purpura occurring 7} years after radical mastectomy for breast 
carcinoma is described. There was no clinical and only trivial macroscopical 
post-mortem evidence of metastases. The patient died from massive intracerebral 
haemorrhage. Detailed histological examination established that the purpura 
resulted from the effects of blood-borne carcinoma emboli. It is suggested that 
carcinoma cells may have existed in the blood stream since the original operation 
and that similar embolisation may also play some part in the mechanism of 
malignant purpura. The clinical picture of this case is compared with that 
of the platelet thrombosis syndrome. Neurological lesions were present and are 
discussed in relation to previously recorded cases that show points of similarity. 


We wish to express our gratitude to Professor W. Melville Arnott and Professor 
J. W. Orr for their help, advice and stimulating criticism. We would also like 
to thank Dr. A. L. Peeney for the haematological reports, Dr. D. B. Brewer for 
making available for our examination the case of post-pneumonectomy tumour 
em)olus referred to in the text, and Dr. F. J. Pick for the loan of sections of the 
original primary breast carcinoma. 
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DIFFERENTIATION AND RADIATION EFFECTS ON 
CANCER CELLS. 


S. MITRA anp P. K. DE. 
From the Chittaranjan Cancer Hospital, Calcutta, India. 


Received for publication January 4, 1954. 


THE study of the effect of radiation on cancer cells presents problems of funda- 
mental importance. It is still an open question in the field of radiobiology as 
to whether the ionising effect of radiation directly induces differentiation in 
cincer cells. Glucksmann (1952) observed that radiation induces differentiation 
in addition to mutation and degeneration. He has also shown that radio- 
sensitive and radio-resistant cancer cells react to radiation in a different way 
after a preliminary radiation. 

Waren and Dixon (1949) are of opinion that radiation does not induce differen- 
tiation of cancer cells. Jolles and Koller (1950) remark that the apparent increase 
of differentiating cells after radiation on cancer cells, is only relative and is caused 
by destruction of other types of cells. Glucksmann’s method of estimating the 
radio-sensitivity of cancer cells with preliminary radiation has been criticised 
by Gricouroff (1952) who is of the opinion that radio-sensitivity and differentiation 
of cancer cells are related to stromal nutrition. 

Thus it is evident from the literature that our knowledge of the mode of action 
on radiation is not decisive. With this uncertain knowledge of the biological 
effect of radiation on cancer cells, we have made an attempt to study: (1) the 
problem of the induction of differentiation on cancer cells by radiation, and 
(2) the problem of differential radiation-response of radio-resistant and radio- 
sensitive cancer cells. 


METHOD AND MATERIAL 
A. Tissue collection. 

Tissues from the growing edges of epidermoid carcinoma of the cervix were 
collected from 91 patients before radium application and after 7000r, 14,000r 
and 21,000 r of radium applications. For the study of the effect of first 7000 r 
radium, we have collected tissues 7 days after the exposure. For the study of 
the effect of second 7000 r radium (total 14,000 r), we have collected tissues from 
the same patients, just before the third application of radium, i.e. 21 days after 
the second 7000r, radium exposure. Next, tissues were collected from the 
same patients 3 months after the third radium (total 21,000 r) application. 

All these collections were made from growing tips of epidermoid carcino- 
matous areas of the cervix from 4 to 6 different places, by the same experienced 
gynaecologist (senior author), avoiding necrotic and inflammatory areas. 


B. Fixation of tissues and preparation of sections. 
Tissues were fixed in Susa immediately after collection. All these 4 to 6 
pieces of tissues were placed in the same paraffin block, and sections were made 
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5u thick. Every fifteenth section from the ribbon was mounted and stained, the 
remainder being discarded. 60 such sections were selected (each containing 4 to 
6 sections as collected from different regions of the cervix), so that for each study 
240 to 360 sections at the interval of 754 (5 x 15) were examined. All these 
sections were stained in haematoxylin and eosin. 


Study. 
(a) Site selection Growing tips of interpapillary downgrowths of active 
carcinomatous cells are selected for our study. In selecting these, we had to 
keep in mind the presence of neighbouring hyperplastic stratified epithelia which 
were carefully avoided. Our study was strictly confined to those cancerous 
areas which were characterised by anisocytosis, anisonucleosis, abundance of 
mitotic cells, loss of polarity of epithelial cells and just breakage of basemeiit 
membrane. In addition to above precautions and in order to study only the 
actively growing carcinomatous areas, we have avoided those areas which contain 
cornification and cell-nest formation, necrosis and haemorrhagic areas. 

In some post-radiation tissue (specially after 14,000 r and 21,000 r) there were 
only several scattered isolated groups of cancer cells. Here we had no selection. 

(b) Grouping of carcinoma cells.—Carcinoma cells are grouped into four 
biological phases, namely, resting (inter-kinetic), mitotic, differentiating and 
degenerating phases (Glucksmann 1941). 

(c) Counting —We have made the field of our study very limited by placing 
a quadrilateral space in the eye-piece and thus making a grid for our study. 
With this eye-piece, we counted 500 carcinoma cells from the site of selection 
under oil-immersion lens (x 1700 magnification), classifying them as resting 
(inter-kinetic), mitotic, differentiating and degenerating cells. 

In some post-radiation cases (specially after 14,000 r and 21,000 r) we could 
not find more than a total of 100 carcinoma cells. We have discarded these 
cases from our list. Thus we had to discard 9 cases from our 100 completed 
cases. The present study is based on 91 complete cases only. 


DISCUSSION. 


Our problem is concerned with permanent changes in cell morphology after 
radiation, which includes delayed effects and recovery effects. The induction 
of differentiation in cancer cells is one of such delayed effects. It is for this 
reason, that we have collected tissues, as mentioned previously, on the 7th day 
after first radiation with 7000 r, on the 21st day after the second 7000 r radiation 
and finally 3 months after a total radiation of 21,000 r. 

Before coming to our problem proper, we made a comparative study of the 
cellular population of the differentiating phases of the stratified squamous 
epithelia of the normal cervix and of epidermoid carcinoma of the cervix. Table 
I shows that the cell population of the differentiating phase of the normal cervix 
is 48-17 + 0-41 per cent compared with 3-57 + 0-14 per cent of the epidermoid 
carcinoma of the cervix. 

We find the incidence of the variation of standard error in post-radiation 
conditions is high. This could not be avoided in spite of all precautions. It 
might be due to variation on the biology of cancer cells, and also to altered 
conditions of different patients. We have collected tissues from patients of 
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TavLe I.—Percentage Distribution of Biological Phases in Normal and Carcinomatous 


Cervical Epithelium. 

8. 9. 
Cellular Reten- 
Prepara- popula- tion in 
1. 2. 3. 4. 5. 6. tory phase tions not prepa- 
Differ- Degene- (resting comingto ratory 
No. of Restng Mitotic entiating rating and maturity phase 
Cervix. cases. phase. phase. phase. phase. mitotic). (7 —5) (8 — 6) 


Stratified squamous 56 . 48-784 . 0-754 .48-1I74 . 2-304 . 49-534. 1:36+. Nil 
epit! lia of normal 0-54 0-05 0-41 0-15 0-55 1-10 
cervi 

Epidermoid earcinoma 439 . 84-164 . 3-571. 7-59 + . 89-014 .85°004 . 177-84 
of cervix > “ 0-32 0-10 0-14 0-25 0-20 0-23 


diferent ages, different races and of different clinical stages, which might be 
responsible for increased variation of standard errors. Goldfeder (1947) has 
shown that the same morphological type of cancer cells differ in their character 
of radio-sensitivity. Koller (1947) observed that the mean number of chromosome 
fragments per cell, differed in cell samples taken from different regions of the 
same tumour after the same radiation treatment. He suggested that these 
may be due to differences of radio-sensitivity of different cell components. 

In our present study we have observed that the mean of differentiating cells 
before radiation was 17-0 + 1-45 and after successive radiations from 7000r 
to 21,000 r, the mean of differentiating cells went up to 49-8 + 8-30 (i.e. an increase 
of 194 per cent) and ultimately settled down to 41-9 + 13-09 (i.e. an increase of 
147 per cent from the pre-radiation number). It is evident from these figures 
that there is a definite increase of differentiating cells after radiation. Similarly 
there were significant changes in all other cellular populations as shown by the 
value of ‘t’ test in Table IIT. 


II.—Mean Cellular Populations of Different Biological Phases, 
with Standard Error, before and after Radiation. 


Degenerating 


cases Resting phase. phase. ting phase. phase. 
Pre-radiation - O<1 . 424-7 + 1-75 . 22-8 + 0-97 . 17-0 4+ 1-45 . 35-5 + 2-23 
After Ist 7000 r «74-34 . 9-0 + 0-92 . 36-2 + 4-01 . 380-8 + 17-77 
After 2nd 7000 r . 32 . 90-3 + 22-56. 3-3 + 0-87 . 49-8 + 8-30 . 356-6 + 23-25 
After 3rd 7000 224-8 + 27-84 8-4 + 2-57 . 41-9 413-04 . 224-9 + 30-27 


P 
5 per 1 per 
Contrast. Mean. 8.D. cent.* cent.* Significance. 
Resting phase 350-67 . 78-26 . 42-79 . 1-987 . 2-632 . Highly signi- 
ficant at 
both levels 
Mitotic phase. ° - 18-82 . 10-23 . 12-89 . 1-987 . 2-632 . Ditto 
Diffcrentiating phase . - 18-40 . 36-58 . 4-80 . 1-987 . 2-632 . 9 
Degenerating phase . - 845-27 . 74:41 . 44:27 . 1-987 2-632 


* Taken from Statistical Tables for Biological, Agricultural and Medical eet by R. A. 
Fisher and F. Yates. 


| 
No. 
of Mitotic Differentia- 
TaBLE Ili.—£ valuation of Cellular Changes by Test. 


110 8. MITRA AND P. K. DE 


The trend of distribution shows also significant changes after second an1 
third 7000 r, but the ‘t’ test could not be applied because the number of canccr 
positive cases decreased materially after the 2nd and 3rd radiation. 


Our second problem is concerned with the possibility of predicting radiv- 
sensitivity of epidermoid cancer of cervix after preliminary radiation with 7000 ». 
It has been shown previously (Table II) that after the first radiation with 7000 ., 
there was a uniform reduction of cancer cell population of both resting an 
mitotic phases, and similarly a uniform increase of cell population of the 
differentiating and degenerating phases. We have not found any differenti:| 
variation in the four biological phases of cancer cells after preliminary radiatio. 
to distinguish a radio-sensitive case from a radio-resistant one, as has been foun 
by Glucksmann (1948). 

In our present series of 91 cases, no cancer cells were found in the final biopsy 
after 21,000 r in 76 cases, which may be considered as radio-sensitive cases. 
Cancer cells were persistent in the remaining 15 cases under similar conditions 
and they may be termed radio-resistant cases. 

On further analysis of our data, arranging them into final cancer-positive 
and cancer-negative groups after full radiation with 21,000 r, we do not find 
any significant variation of cell population in different phases after the preliminary 
radiation with 7000 r (Table IV). The difference between the cellular populations 
of the four biological phases of final cancer-positive and final cancer-negative 
cases, does not emerge into statistical significance as shown by the value of 
x? (Table V) which indicates the degree of difference between these two 
distributions. 


TaBLE IV.—Mean Distribution of Final Cancer-positive and Final 
Cancer-negative Cases after first 7000 r Radiation. 
After first 7090 r radiation 


Final cancer- Final cancer- 

Phases. positive cases. negative cases. 
Resting ° , - 98-47 + 19-41 69-30 + 7-67 
Mitotic ‘ - 12:40 + 2-96 8-30 + 0-97 
Differentiating ; . 30-07 + 8-86 37-30 + 3-73 
Degenerating p - 359-07 + 21-27 385-12 + 27-28 


TABLE V. 


P P 
Degrees of 5 per 1 per 
Contrast. freedom . x. cent. cent. 
Pre-radiation 3 - 549 . 7-815 . 11-341 
After first 7000 r radiation . 3 . 2-838 . 7-815 . 11-341 


The z? values are not significant at both 5 per cent and | per cent levels. 


SUMMARY 


1. Cells were classified as in the resting, mitotic, differentiating, or degenerating 
phase. In pre-radiation biopsies, 17-0 + 1-4 out of a total of 500 cells were 
classified as differentiating. After irradiation the number in this class rose to 
49-8 + 8-3 out of a total of 500, an increase of 194 per cent; and ultimately 
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settled down to 41-9 + 13-0 out of a total of 500, an increase of 147 per cent, as 
compared with the pre-radiation condition. 

2. The process of differentiation in general, as well as in stratified squamous 
e>ithelia, is discussed. 

3. The effect of radiation on cell-biology concerning differentiation is discussed. 

4. When the influence of irradiation on the number of cells in the different 
cl sses was examined separately after the first irradiation for radio-resistant and 
ra(lio-sensitive groups of tumours, no significant difference was found between 


tl > two groups. 
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In an attempt to interpret the extraordinarily complicated structure often 
exhibited by malignant cells, a comparative study has been made of the nuclei 
of a wide range of tumours. Living cells have been examined by phase-con- 
trast and ultra-violet microscopy, and sections and tissue cultures of tumours 
have been studied after fixation and staining by various histological and cyto- 
chemical techniques. From this survey has emerged a conception of nuclear 
structure and functioning which is at variance with that of the classical text- 
books of cytology (Wilson, 1925), and conflicts with the views generally held 


to-day (Pollister, 1952). 


Technical considerations. 

Flattened cells have become increasingly employed for cytological research 
purposes. Modern techniques of microscopy, particularly phase-contrast, by 
greatly facilitating the study of living cells have resulted in greater use being 
made of tissue cultures for morphological studies. When cells migrate from an 
explant in vitro, they tend to spread out so that around the periphery of an out- 
growth they are considerably flattened. This is most obvious in fluid culture 
media where the cells furthest away from the explant may be reduced to little 
more than a fine film. Such cells are ideal for the study of cytoplasmic structure, 
as many investigators have realised. Equally useful have proved squash prepa- 
rations of soft tissues, when the cells of which they are composed tolerate compres- 
sion without disrupting. The necessity of rapid fixation, in order to obtain 
perfect preservation of chromosome structure has also resulted in the common 
practice of using squash preparations and smears for the study of nuclear struc- 
tures. Such procedures possess the further merit of eliminating the possibility 
of slight morphological alterations being brought about by the prolonged dehy- 
drating, clearing and imbedding necessary for the preparation of sections. Never- 
theless all these methods have the common disadvantage of rendering difficult 
the correct appreciation of the spatial arrangement of intranuclear structures. 
In this respect the older method of studying stained sections of fixed tissues 
presents definite advantages. By cutting sections of approximately the same 
thickness as the average diameter of the cell nuclei, one obtains preparations 
with whole nuclei and slices of nuclei of varying thickness. On examining such 
sections under the microscope there can be found superficial slices from the surface 
of nuclei, and sometimes a nucleus with the top of the membrane cut away making 
it possible to focus down into its interior. Often two constituent portions of 
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nucleus can be detected in adjacent sections. Since no other technique offers 
the same scope for the direct examination of a three-dimensional structure, the 
study of stained sections has constituted the basis of this investigation. Yet 
with all fixed preparations of cells there arise doubts as to the validity of the finest 
st uctural details which are detectable, especially when they approach the limits 
of microscopic resolution. So the results of the study of fixed and stained cells 
hove been correlated with observations made by other techniques, which have 
in: luded the microscopical examination of living cells immediately after their 
renoval from the animal body. 


Sivuctural organization of the nucleus seen in sections. 


The ideal type of cell with which to commence an investigation of this kind 
would be one with a large nucleus, single nucleolus and well-defined chromatin 
granules. No tumour with such cells was available. Most nearly fulfilling these 
rejuirements were the cells of a mouse adenocarcinoma (T27). Its selection was 
further influenced by the fact that it had been employed in several previous 
researches (Ludford, 1924, 1930, 1932 a, 1932 6, 1933, 1934) so that the structure 
of its cells, and their behaviour under a variety of experimental conditions, as 
well as their growth characteristics, both in vivo and in vitro, were already well 
known. 

The same methods of fixation and staining were adopted as were formerly 
used for the study of chromosomes (Ludford, 1930), except that after iron-alum- 
haematoxylin staining the differentiation was not carried so far as is usual in 
making chromosome preparations. Frozen sections stained by the Feulgen 
teclinique were also found most useful. For demonstrating the smallest structural 
details it is doubtful whether any method can excel the results obtained by 
Flemming fixation followed by intense staining with iron-alum-haematoxylin. 
When the surface of a nucleus from such a preparation is examined there are to 
be seen numerous minute granules varying in size. Most of them seem to be 
below the limits of microscopic resolution. They are depicted in the camera 
lucida drawings of Fig. 1 to 5. Fig. 1 shows the surface of a nucleus with a hole 
in the middle through which the nucleolus can be seen inside. Some of the little 
granules appear to be arranged like beads on a string. A slice off the surface of 
another nucleus from an elongated cell is shown in Fig. 2. There is a tendency 
for the granules to be elongated and orientated in the same direction as the cell 
is stretched. The holes appearing in both these first two figures were torn in 
the membranes in the process of section cutting. Fig. 4 depicts a slice through 
the centre of a nucleus. Here are seen the same peripheral granules, and also 
strands connecting the two nucleoli with the membrane. Along the length of 
the strands are granules of similar dimensions. Sometimes nucleoli are in direct 
contact with the nuclear membrane, as in Fig. 3, which is another slice from 
the surface of a nucleus. In this one, some well-defined strings of granules are 
discernible, while in the adjacent Fig. 5 all the granules are thus arranged. The 
largest are conspicuous at the ends of certain of the filaments. The latter obvious- 
ly represent an early stage in the formation of the prophase chromosomes. Actu- 
ally in a section of a rapidly growing tumour it is impossible to determine exactly 
when the prophase does begin. There are all transitions between scattered 
granules, rows of granules, and definite threads or filaments. The latter get 
progressively thicker, but the terminal knobs on some of them still remain clearly 
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distinguishable (see also Fig. 44). A surface view and a section through the 
middle of a nucleus at prophase are represented in Fig. 6 and 7 respectivel.. 
Clearly most of the chromosomes lie just under the membrane, but a few ae 
disposed around the nucleolus. Fig. 8 and 9 are sections through the middie 
of two other cells at prophase. In both nuclei there are the usual superficially 
arranged chromosomes with the interior nucleoli connected by strands to the 


— 


Fic. 1 to 5.—Nuclear structure of adenocarcinoma (27) cells seen in sections. Flemming 
fixation: iron-alum-haematoxylin staining. 
Fic. 1.—Nucleus cut tangentially showing peripheral granules, representing chromosomes. 
Nucleolus seen through hole in the nuclear membrane. 
Fic. 2.—Slice of nucleus with elongated peripheral particles on under surface of membrane. 
Fic. 3.—Surface of a nucleus with small nucleolus directly underneath the membrane. 
Fic. 4.—Section through a nucleus showing nucleoli connected to the periphery by strands 


bearing granules. - 
Fic. 5.—Early stage of chromosome formation on the under surface of the nuclear mem- 


brane. 


periphery. In Fig. 9 these strands are double like the chromosomes at the surface. 
In Fig. 8 they appear as single threads, and granules are perceptible on some of 


them. It thus seems that the nucleoli are connected with the periphery of the 
nucleus by chromosomes, and also by threads of a different nature. Frequently 
the latter appear to be attached distally to a chromosome. Examination of 
prophases at the stage when the nuclear membrane is undergoing dissolution 
will sometime reveal chromosomes connected with remnants of nucleoli. A section 
through the middle of such a cell is depicted in Fig. 10. Adherent to two of the 
chromosomes are globular remains of nucleoli. 
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Fic. 6 to 12.—Nuclear structure of adenocarcinoma (27) cells seen in sections. Flemming 
fixation: iron-alum-haematoxylin staining. 

Fic. 6.—Surface view of prophase nucleus with chromosomes on the under surface of 
the nuclear membrane. 

Fie. 7.—Section of the same cell showing peripheral chromosomes and others around the 
nucleolus. 

Fic. 8, 9.—Sections of prophase nuclei illustrating differences in the strands connecting 
the nucleoli with the nuclear membrane. 

Fic. 10.—Section of cell at the time of dissolution of the nuclear membrane. Remnants 
of nucleolar material attached to two chromosomes. 

Fie. 11, 12.—Karyomeres in cells which have resulted from a multipolar mitosis following 
irradiation. Two of the karyomeres in Fig. 12 exhibit the beginning of nucleolar 
formation in association with chromosomes. 
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The origin of the nucleolus at the reconstruction phase of mitosis is very 
difficult to determine, even in Feulgen preparations counterstained with a nucleolar 
staining dye. Though the cells are comparatively large for mammalian celis, 
they are not ideal material for studying this aspect of the problem. An attemot 
has, however, been made to gain an insight into what happens during the recon- 
struction phase by examining sections of tumours which had been irradiated 
in vivo. In an earlier investigation of the cytological changes following irradia- 
tion of this tumour (Ludford, 1932a) it was observed that the wave of cell division 
which supervened upon the initial inhibition was characterised by numero.s 
aberrations of mitosis, which included multipolar figures, and these resulted n 
several daughter cells whose nuclei were represented by karyomeres formed |\y 
chromosome fragments, single chromosomes and groups of chromosomes. Search 
was made amongst such cells for the earliest stages of nucleolus formation. Fig. ‘| 
and 12 show three of the cells resulting from a single mitosis. These two figures 
were drawn from consecutive sections. In Fig. 11 it will be noticed that tie 
karyomeres consist of whole or fragmented chromosomes spread on the surface of 
vesicles. No nucleoli are present. Contrariwise, the two largest of the karyo- 
meres in Fig. 12 each contain a small nucleolus attached to chromosomes. The 
frequent occurrence of chromosome fragments following irradiation makes it 
uncertain whether we are here concerned with whole, or parts of chromosomes. 
Nevertheless it is evident that both at prophase, and at the reconstruction phase 
of mitosis, certain chromosomes can be seen to be directly attached to nucleoli. 
This conclusion conforms with the view that the nucleolus is formed by the action 
of a specific region of particular chromosomes, which has been called the “ nuc- 
leolar organizer”’. For the literature on this subject reference should be mace 
to the review of Gates (1942). 


Nuclear structure of cells grown in vitro. 

When living cells are compressed between slide and cover slip, or when they 
spread out in tissue cultures, their nuclei tend to become flattened like pancakes, 
thereby concealing the structural organization just described (Fig. 42 and 43). 
But once the latter has been recognised, flattened cells provide a favouralle 
means of examining certain of its features. Fig. 13 represents part of a cell 
of the same carcinoma on the edge of a 2-days-old culture, which had been fixed 
in Flemming’s fluid, and intensely stained with iron-alum-haematoxylin. The 
fine peripheral granules beneath the nuclear membrane which are shown in Fig. | 
to 5 have been omitted from Fig. 13 to 20. With the exception of Fig. 16 and !7, 
these are projection drawings (indicated by “P” in the legends). There are 
included in the plane of each drawing bodies distributed throughout the whole 
nucleus. Thus each drawing constitutes a diagrammatic representation of the 
structures as if they were projected on to the equatorial plane. In Fig. 13 the large 
central nucleolus is connected by very delicate threads to two granules underlying 
the nuclear membrane. A smaller nucleolus is directly in contact with the mem- 
brane. In addition there are six other granules. No connections can be detected 
between them and the nucleolus. This does not mean none is present, because exte- 
mely thin threads might only be visible when coated with dyestuff, and this may 
have been removed in the early stage of differentiating with the iron-alum. The 
nucleus seen in Fig. 14 is in a cell from an older culture (7 days) where degeners te 
changes are occurring. It appears to be undergoing amitotic division. Similar 
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Fic. 13 to 20.—Nuclear structure of adenocarcinoma (27) cells seen in tissue cultures. Fig. 13 
and 14, Flemming fixation : iron-alum-haematoxylin staining. Fig. 15, 16 and 17, Bouin- 
Allen fixation: iron-alum-haematoxylin staining. Fig. 18, 19 and 20, Corrosive-acetic 
fixation: Feulgen staining, without counterstaining. (P= projection drawing: see text.). 
Fic. 13.—Cell from a 2-days-old culture, showing nucleolus connected by fine strands 
to peripheral granules (P). 
Fic. 14.—Cell from a 7-days-old culture, showing emission of chromatin granules from the 
surface of the nucleoli (P). 
Fic. 15.—Nucleolar system of a well-spread cell on margin of outgrowth, de-stained so that 
only nucleolar chromatin remains black (P). 
Fic. 16—Surface view of nucleus with chromatin particles of nucleolar origin on under- 
surface of membrane. 
Fie. 17.—Nucleus of same cell, containing intranucleolar vacuoles and granules. Little 


nucleolar chromatin remains on surface of plasmosome. 
Fie. 18, 19 and 20.—Nuclei demonstrating variations in the distribution of deoxyribonu- 


cleic acid inside the nucleus. Nucleolus unstained. Nucleolar chromatin in the form 


of vesicles in Fig. 20 (P). 
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delicate strands are visible connecting the nucleolus with the peripherally disposed 
granules or with the membrane. Each of the nucleoli is surrounded by particl:s 
which appear to have been emitted from its surface. 

If observation is now extended to Feulgen-stained cultures it becomes evide: t 
that the nucleolus is of a dual nature. The greater part of it is Feulgen negativ », 
but on its surface are irregular-shaped globules of Feulgen positive materi. | 
(Fig. 18 to 20). The latter constitutes what Caspersson (1947) has termed “ t)e 
nucleolar associated chromatin ”’ and to which he attributes a special role in 
protein synthesis. It can be distinguished from the material of which the bu'k 
of the nucleolus is composed in the living condition, and in fixed preparatio: s 
after a variety of staining methods. Examined by phase-contrast microscopy (1 
the live cell the “ nucleolar chromatin’’, as it is proposed to call it, looks darker. 
The difference is more marked in ultra-violet micrographs taken with wave-lengtlis 
of 2570 A and 2750 A (Fig. 33, 35 and 37). It stains deeper with most dyestuffs, 
which stain the nucleolus. In tissue cultures fixed in Bouin-Allen fluid, it is 
possible to differentiate after iron-alum staining so that only the nucleolar chro- 
matin retains the stain. This is demonstrated in Fig. 15. In the nucleus depicted 
here, the nucleolus is broken up into a number of bodies of varying sizes and 
shapes. Each bears deeply stained particles of chromatin. In neighbouring 
cells of the culture even the chromosomes of dividing cells are de-stained. On 
the basis of the reaction of the two nucleolar components to staining by tlie 
Feulgen and the pyronine-methyl-green techniques it is concluded that the chro- 
matin is composed of appreciable amounts of deoxyribose nucleotides, and the 
remainder of the nucleolus of ribose nucleotides. 

There is considerable variation in the amount of nucleolar chromatin in 
different cells, as is demonstrated by Fig. 18, 19 and 20. Here are nuclei drawn 
from cells of the same culture which was stained by the Feulgen method, without 
counterstaining. The bulk of each nucleolus, therefore, remains colourless. 
Sometimes the nucleolar chromatin appears to form vesicles, as is shown in Fig. 20. 

In one form of cellular degeneration as has previously been mentioned, particles 
are discharged from the surface of the nucleolus. Comparison of cells stained by 
the iron-alum-haematoxylin technique, such as that shown in Fig. 14, with others 
stained by the Feulgen method reveals that the emitted particles are derived from 
the nucleolar chromatin. The same phenomenon is illustrated in Fig. 16 and 17 
which are drawings made from the same nucleus. Fig. 16 shows its upper surface 
with chromatin particles of nucleolar origin. Fig. 17 is a median optical section, 
depicting what remains of the nucleolus. It contains vacuoles of varying sizes 
and minute granules of different shapes. The latter are stained by haematoxylin, 
but are invisible in Feulgen preparations. There are also distinguishable in 
nucleoli varying numbers of argentophile bodies. Page, Regan and MacCarty 
(1938) found that both types of inclusions were more numerous in malignant 
than in non-malignant cells, and that ‘‘the more malignant the neoplasm, the 
greater the number of intra-nucleolar bodies.” 

Examination of nucleoli with the electron microscope has suggested the exist- 
ence of a more complicated structure. Thus Borysko and Bang (1952) have 
described a complex nucleolar structure, usually consisting of a tangled mass 
of branching or anastomosing filaments, approximately 0-1 micron in width. 
No suggestion of anything comparable was apparent in any of the living ceils, 
or in the fixed and stained ones that were studied in the course of this work. 
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l:; must, however, be conceded that the microscopical techniques employed in 
the present work did not give the high resolution which is obtained with the 
el-ctron microscope. The limit of resolution attained with the ultra-violet 
microscope is only about 0-1 micron. This is the best resolution represented in 
tle figures illustrating this paper. 

Occasionally when a nucleolus is highly vacuolated its appearance is rather 
deceptive, and might erroneously be interpreted as being reticulate. One wonders 
w iether the complicated internal structure which has been described may be the 
result of a slight distortion induced by the procedures involved in preparing 
s--tions for examination by the electron microscope. The vacuolated appearance 
is not an artefact of fixation as it is visible in living cells. 


]) stribution of nucleic acids in the nucleus. 

As a matter of convenience, for the purpose of description, it is proposed to 
reler to the material of which the nucleolus is mainly composed as “ plasmoso- 
min”. This is the material which constitutes ‘‘the true nucleolus or plasmosome ” 
(Wilson, 1925). The term has a purely morphological denotation, but connotates 
one chemical distinction. The nucleolar chromatin contains sufficient deoxyri- 
bose nucleotides to stain intensely by the Feulgen technique, while plasmosomin 
does not. This does not eliminate the possibility that in the latter deoxyribose 
nucleotides may be present in such small quantities as to be below the limit 
of sensitivity of the Feulgen technique, upon the validity cf which as a test for 
deoxyribonucleic acid this only definitely known chemical difference between 
nucleolar chromatin and plasmosomin depends. 

Cytogeneticists find it convenient to use the terms “euchromatin” and 
“heterochromatin”. Their usage is based upon the conclusion that at the 
end of mitosis as the chromosomes uncoil deoxyribonucleic acid remains 
attached at certain loci (heterochromatin), and is discharged from the rest of 
the chromosome (euchromatin). Since it has been impossible to see whether 
this actually happens in the cells employed in this investigation no attempt has 
been made to distinguish between two types of chromatin. The term “ chroma- 
tin” is used in this paper to describe nuclear material which gives a positive 
reaction with the Feulgen test, and which is not visibly connected with the nuc- 
leolus. In the latter case it is called nucleolar chromatin. 

Whether one studies fixed and stained Feulgen preparations, or ultra-violet 
micrographs of living cells, it becomes obvious that there must be an increase of 
deoxyribonucleic acid at prophase, and a corresponding decrease during the 
reconstruction phase of mitosis. Evidence has already been adduced that the 
chromosomes are represented in the “ resting ’’ nucleus by the fine granules at 
its surface, and on strands connecting the nucleolus with the nuclear membrane. 
These granules appear to be faintly stained by the Feulgen technique. But it is 
doubtful whether any definite conclusion can be justifiably drawn from pale 
staining, as it has been pointed out, most of these minute particles are just 
above, or below, the limits of microscopic resolution. If they fail to stain that does 
not necessarily mean that they contain no deoxyribonucleic acid. It might 
well be that the amounts present in such small particles would be undetectable 
by ‘he technique. Also very faint staining could result from absorption of traces 
of diffuse dyestuff. Our present microscopical methods are incapable of supply- 
ing unequivocal evidence which could finally solve such problems. 
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Similar considerations are involved in the problem of the nucleic acid content 
of the nuclear sap. The latter usually appears to be very faintly coloured in 
Feulgen preparations, and the nuclear periphery is always most clearly defined 
even in the absence of cytoplasmic counterstaining. There is by comparison an 
intense staining of larger peripheral particles, and of others on the filamen‘s 
connecting the nucleoli with one another and with the nuclear membrane. Ultr.:- 
violet micrographs of living cells exhibit a very distinct nuclear membrane (Fig. 3°) 
which often presents the appearance of a narrow hyaline layer (Fig. 36 and 3°) 
with particles of strongly absorbing material applied to its inner surface (Ludford 
and Smiles, 19506). The fluid filling the interstices of the nuclei is respoi- 
sible for a slight diffuse absorption. This disappears at the late prophase when 
the chromosomes are fully formed. The clearer nuclear sap at this stage is also 
obvious in fixed and stained sections when examination is carried out with tle 
light microscope. Before discussing the possible significance of these observations 
attention will be directed to some relevant observations on the state of the nucleus 


following destruction of the cytoplasm. 


Structure of the gelated nucleus. 

Micrurgical experiments performed on mammalian tumour cells have failed to 
elucidate any difference between them and their normal prototypes (Chambers 
and Ludford, 1932). In all cases, puncture of the nucleus results in its collapse 
and irreversible coagulation. Tearing the cell membrane produces a similar result, 
but gently puncturing the cytoplasm does not. 

By compressing small fragments of tumour between slide and cover slip the 
cytoplasm can often be destroyed without disrupting all the nuclei. Those which 
remain intact after this treatment become more conspicuous by transmitted light 
owing to their gelated condition. With dark-ground illumination they appear 
opalescent, which is a characteristic feature of dead cells (Ludford, 1935). Fig. 30 
is an ultra-violet micrograph of some flattened coagulated nuclei from another 
mouse carcinoma (Af). It will be noticed that the superficial structure is very 
similar to that drawn in Fig. 2. In both illustrations there are granules, rows 
of granules and threads or filaments. The nucleoli are also visible in Fig. 30, 
but are not in focus, since the ultra-violet microscope has a very limited depth 
of focus. In some instances the strings of granules appear to be double with 
droplets between them. Smearing the nuclei accentuates this arrangement 
of parallel rows of granules separated by a hyaline material, as is demonstrated 
in Fig. 31. Here the remains of nucleoli are also still distinguishable. The 
appearances presented by Fig. 30 and 31 are suggestive of the ultra-structure 
of a gel in the unstretched state (Fig. 30) when it is a tangle of long chain molecules, 
and in the stretched state (Fig. 31) when the molecules have become orientated 
in a direction parallel to the stretching force (Moyer, 1942). 

The filamentous nuclear structure is reminiscent of that described in nuclei 
of spermatocytes of the grasshopper (Dissosteira) by Chambers (1924). Ile 
pointed out that in these nuclei, changes are taking place preparatory to the apje- 
arance of the meiotic chromosomes. Within a minute of pricking the surface of 
such a nucleus with a microdissection needle ‘“‘ hazy streaks of granules ”’ appe.r. 
They increase in number and in size, and “the filamentous structure slowly 
thickens until one begins to appreciate that the body of the filament consists of 
a hyaline core with granules adherent to its surface”. Although in side vicw 
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the filaments appear double, Chambers, (1924) stated that in optical section 
* they are cylindrical with the groups of granules arranged about a hyaline core.” 
‘| .e filaments shorten and thicken, and simultaneously the granules fuse together. 
1), this way the chromosomes are formed. Chambers concluded that the structures 
revealed by nuclear puncture were not formed de novo as the result of the injury. 
‘They were invisible before owing to the uniformity of the refractive index of 
te nuclear contents. 

The readiness with which nuclei coagulate is correlated with their high content 
o: nucleic acids. Bensley (1938) isolated a substance from hepatic cells which he 
nimed “ Plasmosin ” and regarded as the gel- and fibre-forming constituent of 
potoplasm. The work of Mirsky and Pollister (1943) led them to the conclusion 
that this was a fibrous protein composed of histone and deoxyribonucleic acid, 
which was localised largely if not entirely inside nuclei. Hoerr (1943) does not 
a,ree that plasmosin is confined to nuclei, and has given reasons for believing 
that considerable amounts are present in the cytoplasm of liver cells. Other 
investigators have also reported the presence of deoxyribonucleic acid in the 
cytoplasm of plant cells (Sparrow and Hammond, 1947; Chayen and Norris, 
1953). In the tumour cells which have been employed in the present work it 
has not been possible to detect any Feulgen positive material in the cytoplasm, 
and that stained deeply in the nucleus is sometimes small in amount (Fig. 18). 
The necessity for caution in interpreting the results of staining reactions has 
already been stressed. 

Relevant to the present considerations is the work which has been carried out 
with the products of nuclear disintegration—the so-called “‘ chromatin threads ” 
(Claude and Potter, 1943 : Mirsky and Pollister, 1943). They stain by the Feulgen 
technique and are frequently paired. They have been regarded as the chromo- 
somes, or fragments of chromosomes, of the interphase nucleus, but this interpre- 
tation of their nature has been disputed by Lamb (1950). It is highly probable 
that they are identical with the strands of material exhibiting strong absorption 
of ultra-violet radiations of 2570 A wave-length, which are seen in Fig. 31. The 
absorbing material presumably comprises the fine granules, which for reasons 
already stated are regarded as representing the chromosomes of the interphase 
nucleus. Probably their volume is augmented at the time of nuclear coagulation 
as the result of the accretion of additional deoxyribonucleic acid from the nuclear 
sap, by a process analogous to that which occurs at the prophase of mitosis. 


Relationship between nucleolar chromatin and plasmosomin. 


On the basis of the preceding considerations it is concluded that the highest 
concentration of deoxyribonucleic acid is in the nucleolar chromatin and bodies 
derived from it. Deoxyribonucleic acid is also present in the minute granules 
which represent the interphase chromosomes and in the nuclear sap. Considerable 
evilence has been adduced by other investigators to prove that the plasmosome is 
particularly rich in oxyribonucleic acid. 

The functional relationship between nucleolar chromatin and plasmosomin 
requires further investigation. Both are composed of nucleoproteins although 
of » different type, and are presumably as complex chemically as the other cell 
orgins. The observations that are reported in this paper are consistent with 
two possibilities. Either nucleolar chromatin and plasmosomin are built up from 
the same simple precursors, and there are alternate pathways of metabolism the 
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course of which can be deflected so as to lead to the formation of either one cr 
the other substance. Or, there are contained in plasmosomin enzyme systenis 
responsible for the synthesis of the substances comprising nucleolar chromati 
from certain of its chemically simpler constituents; or perhaps for breaking down 
plasmosomin and converting it into nucleolar chromatin. The latter notion finds 
support from the behaviour of the nucleolus during the formation of the chromo - 
somes at prophase. Fig. 36 and 37 are ultra-violet micrographs of living prophase 
nuclei of a sarcoma (Rb). In the former the surface of the nucleus is in focus 
and the peripheral chromosomes are seen in process of formation. In the latter 
the nucleoli in the interior of the nucleus are in focus. The darker nucleolar 
chromatin is distinguishable from the lighter plasmosomin. The nucleoli are in 
process of disintegration, and there is a considerable production of nucleolar 
chromatin. After the chromosomes are fully formed, small spherical masses of 
plasmosomin are often distinguishable devoid of any chromatin. At this stage 
all the Feulgen positive material has been deposited on the chromosomes. Thi 
gradual diminution in the amount of plasmosomin during the prophase does nt 
mean that it is all being converted into chromatin as a considerable part of it is, 
presumably, incorporated in the chromosomes in the form of ribonucleoprotei. 


The nucleolar system of malignant cells and their non-malignant prototypes. 


By the nucleolar system is meant here the total nucleolar content of a nucleus, 
whether it be concentrated in a single structure, or dispersed as a number of 
smaller interconnected bodies occupying the greater part of the interior of the 
nucleus. In the latter case it is usual for each discrete portion to comprise plas- 
mosomin and nucleolar chromatin. Parts of nuclei of a mammary carcinoma 
(Af) are shown in the ultra-violet micrographs of Fig. 32 and 33. In the former 
the nuclear surface is in focus, and in the latter the underlying nucleolar bodies are 
clearly defined. In each of them darker peripheral globules of nucleolar chromatin 
are distinguishable from the lighter plasmosomin. 

While hypertrophy of the nucleolar system is a common feature of tumour 
cells, it is not a diagnostic characteristic of malignancy. The nuclear structure 
of cells of spontaneous mammary carcinomata of high-cancer-strain mice is remark- 
ably like that of mammary gland cells. The similarity is particularly striking 
when both kinds of cells are grown under identical conditions in tissue cultures, 
as will be appreciated by comparing Fig. 38 and 39. The former was photographed 
from a 3-days-old primary culture of mammary carcinoma (Ad) in A strain mice ; 
the latter from a 5-days-old primary culture of mammary gland from a low-cancer- 
strain mouse (C57). Of more than 20 spontaneous mammary carcinomata which 
have been grown in vitro and examined cytologically the cells of the tumour 
illustrated in Fig. 38 exhibited the greatest degree of polymorphism. Note also 
in this figure the derangement of mitosis which has resulted in two daughter 
nuclei with numerous karyomeres instead of nuclei. 

Despite the similarity of the nuclear structure of the cells of Fig. 38 and 39 
their behaviour in vitro differs. Explants of carcinomata give rise to sheet 
growths of cells with greater regularity and rapidity than do those of mammary 
glands. They exhibit more mitoses, and more mitotic aberrations. Their 
cytoplasm does not usually contain so many fat droplets as does that of mammary 
gland cells. In general, spontaneous mammary carcinomata are easy to grow 
in vitro, while mammary gland is difficult. 
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It should be pointed out that the mammary carcinomata referred to here all 
originated spontaneously in high-breast-cancer-strain mice. Three factors are 
involved in their aetiology, namely, genetic constitution, hormonal stimulation, 
and the milk factor, or virus of Bittner (1951). The cells of other mammary 
cancers induced by carcinogenic compounds, independently of the milk factor, 
e hibit greater abnormalities, which distinguish them from normal mammary 
g and cells. (Kirschbaum and Bittner, 1945). 

There is corresponding variation in the extent to which sarcoma cells differ 
fiom fibroblasts with respect to nuclear structure. The nucleolar system of 
fi roblasts grown in vitro consists of a few separate clumps of plasmosomin, each 
with peripheral aggregations of nucleolar chromatin (Fig. 21). That sarcoma 
cells may be indistinguishable from fibroblasts when both are grown under the 
same conditions in vitro is demonstrated by Fig. 40 and 41. The former is a 
pliotomicrograph of a 7-days-old primary culture of mouse-embryo-heart fibro- 
biasts, and the latter of a 3-days-old culture of a sarcoma (Aa) which originated 
from the stroma of a spontaneous mammary carcinoma. Fig. 22 and 23 are 
drawings of the nucleolar system of two of the fibroblasts marked ‘x ”’ in Fig. 40 ; 
and Fig. 24 and 25 of two of the sarcoma cells, similarly marked, in Fig. 41. 
Such close similarity in the morphology of fibroblasts and sarcoma cells is excep- 
tional. Differences of the kind illustrated in Fig. 45 are commonest. Here are 
both fibroblasts and sarcoma cells, the latter marked “x”. This photomicro- 
graph was taken at the zone of contact of two cultures, one of mouse-embryo-heart 
fibroblasts, the other of sarcoma cells, from a tumour which had been induced by 
benzpyrene. Hypertrophy of the nucleolar system is a conspicuous feature of 
the sarcoma cells. This is also demonstrated by drawings in Fig. 26 and 27, and by 
the ultra-violet micrograph of Fig. 35. The binucleate cell shown in Fig. 26 
was drawn from a culture of a sarcoma which had been induced by methylcholan- 
threne. The large nucleolus in the centre of each nucleus is seen to be connected 
by fine filaments to peripheral particles of chromatin. Fig. 27 depicts a cell 
from a Feulgen stained culture of a sarcoma (Rb) which originated by the sarco- 
matous transformation of the stroma of a mammary carcinoma. Only the plas- 
mosomin and nucleolar chromatin are included in the drawing. Fig. 34 and 35 
are ultra-violet micrographs of a cell of the same sarcoma, which was the most 
rapidly growing of the tumours which have been studied in the course of this 
work. Since all the Fig. 21 to 27 were drawn at the same magnification, it is 
obvious that the nucleolar system of malignant cells can undergo hypertrophy 
without a proportional increase in the volume of the nucleus. 


GENERAL CONSIDERATIONS. 


To recapitulate, the distinctive features of nuclear structure are the chromo- 
somes spread out over the inner surface of the nuclear membrane, and the nucleolar 
system consisting of nucleolar chromatin and plasmosome occupying the centre 
of the nucleus. Chromosomes with nucleolar organizers remain attached to the 
nucleoli, which are also connected with the periphery by fine hyaline strands. 
(Fig. 28 and 29). 

The way in which the interphase nucleus develops from the telophase chromo- 
somes has long been the subject of controversy among cytologists. Wilson (1925) 
in is review of the early literature recognised three principal types of nuclear 
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Fic. 21 to 27.—The nucleolar system of fibroblasts and sarcoma cells grown in tissue cultures. 
Nucleolar chromatin shown black ; plasmosomin stippled. Peripheral chromosomes omitted. 


Fie. 21—Fibroblast from a 3-days-old culture (P). 

Fic. 22, 23.—Fibroblasts from the 7-days-old culture photographed in Fig. 40. The 
cells shown in the drawings are marked “‘ x ” in Fig. 40 (P). 

Fic. 24, 25.—Sarcoma cells (Aa) from the 3-days-old culture photographed in Fig. 41. 
The cells shown in the drawings are marked “‘ x ” in Fig. 41 (P). 

Fic. 26.—Binucleate sarcoma cell from a methylcholanthrene induced tumour (Cm,) 
showing fine filaments connecting the nucleolar system with the nuclear membrane (P). 

Fic. a cell from the most rapidly growing of the tumours (Rb) which were 
studied (P). 
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F\;, 28, 29.—Diagrammatic representation of nuclear structure, with surrounding mitochondria 
and cytoplasmic granules, as seen in surface view (Fig. 28), and in section (Fig. 29). 
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reconstruction. Of these the “ simplest and rarest type ” involved the formation 
of chromosomal vesicles, or karyomeres. This was “long ago described ly 
Biitschli and Fol in the blastomeres of segmenting eggs and since observed in 
embryonic cells of many species. In this process each chromosome is convert d 
into a small vesicle exactly like a minature nucleus, the whole group then fusiug 
together progressively so as to form first an irregular, chambered structure aid 
finally a single nucleus. From the outer wall of this, apparently, arises the nucle ir 
membrane, while the inner walls of the vesicles break down irregularly to foi in 
the nuclear network”. More recently Lewis (1947) has suggested a similar mo le 
of nuclear reconstruction in mammalian cells in tissue cultures. He consid: rs 
that the interphase nucleus “ probably consists of closely packed, firmly adherent, 
swollen chromosomes (chromosomal vesicles or karyomeres).’’ This condition 
is brought about by the telophase chromosomes swelling to form vesicles which 
adhere to one another. Each vesicle retains its identity throughout the inter- 
phase. ‘‘ During prophase each chromosome sinks into a dense gel which is 
separated from its neighbours by the fluid which collects between them.” Lewis 
(1947) points out that amitosis and nuclear fragmentation would be readily 
explicable as resulting from the loss of adhesion between chromosomal vesicles. 

Since nuclear formation by the fusion of chromosomal vesicles is said to be 
specially characteristic of embryonic cells, it would not be surprising to find thie 
same process occurring in malignant cells which they resemble in many respects. 
Karyomeres are often clearly distinguishable in dividing cancer cells. Attention 
has already been directed to the example in the middle of Fig. 38. Other instances 
following irradiation are depicted in Fig. 11 and 12. In these cases they are 
particularly conspicuous because of their delayed fusion. The nuclear structure 
which has been postulated, and is shown diagrammatically in Fig. 28 and 29 could 
originate from the cohesion of karyomeres, formed, not as Lewis (1947) suggested, 
by the swelling of chromosomes, but by their spreading out over the surface of 
vesicles. After coalescence of the latter, the chromosomes would adhere to the 
internal surface of the external walls of the vesicles, which form the nuclear 
membrane. Instead of the inner walls of the vesicles breaking down irregularly 
to form a nuclear network as Wilson (1925) suggested, they would constitute the 
strands which extend between the nucleoli and the cell membrane. To bring 
about such an arrangement it would be necessary to postulate the existence of 
some mutually repellant force between the chromosomes and the nucleolus at 
this stage, so that the latter was forced into the centre of the coherent vesicles. 

From a cursory examination which has been made of different tissues of a 
number of mammals, including man, it appears that their nuclear structure is 
essentially the same as that which has been described, but no comparable study has 
been made of the nuclei of lower animals, or plants. Apparently there is a funda- 
mental difference between the nuclear structure of the higher animals and the 
higher plants. According to the recent work of Chayen, Davies and Miles (1953) 
the interphase nucleus of plants (Vicia, Allium, Zea, Tradescantia) consists of a 
peripheral zone containing the chromosomes, a middle zone with a protein content, 
the width of which varies with the state of mitotic activity, and an inner zone 
occupied by the nucleoli. Each of the latter is composed of a central core of 
protein material surrounded by a substance, which probably contains nuc'eo- 
protein. There is nothing comparable to the clearly defined differentia‘ ion 
between the nucleolar chromatin and plasmosomin of the mammalian nucle: lar 
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system. ‘‘ When two nucleoli are present the middle zone is divided in two by 
peripheral zone material, so that each nucleolus lies in a pouch filled with middle 
zone protein and lined by the peripheral zone.” A corresponding structure has 
not been observed in mammalian cells with more than one nucleolus (Fig. 34-37), 
bv. a feature common to both is the occurrence of a fine chromosomal strand 
co necting the nucleolar organizer with the periphery of the nucleus. 

Any discussion of the functional significance of the nuclear organization of the 
ai mal cell, which has been postulated, would be incomplete unless it took into 
cosideration the structure of the surrounding cytoplasm. In rapidly growing 
ti nour cells the nucleus is closely invested by mitochondria. Its structure and 
sp ‘tial relationship with the surrounding mitochondria are depicted diagramma- 
tic lly in Fig. 28 and 29. The former attempts to portray the nucleus as it would 
aj pear in surface view. The latter shows the interior of the nucleus as it might 
look if sliced through its middle. The most striking morphological feature is 
the manner in which most of the chromosomes are spread out over a spherical 
area, thereby bringing about maximum exposure to the cytoplasm on the outside, 
and to substances emitted from the nucleolus on the inside. Some of the mito- 
chondria and other granules are applied to the surface of the nucleus, and only 
the thickness of its membrane separates them from the chromosomes. Clearly, 
sulstances which penetrate the plasma membrane must pass through the cordon 
of mitochondria before reaching the nucleus, and between the chromosomes if 
they are to get to the nucleolar system. 

In pioneer studies on living cells in tissue cultures, Lewis and Lewis (1915) 
followed the movements of mitochondria backwards and forwards between the 
nucleus and the cell periphery, and recently Pomerat (1953) has observed rotary 
movements of the nucleus in epithelial cells growing in vitro. Reasons have 
already been adduced for believing that the mitochondria are involved in protein 
synthesis (Ludford, Smiles and Welch, 1948a, 1948b.), and attention has been 
directed to the correlation between hypertrophy of the nucleolar system, proli- 
feration of mitochondria and increased nucleotide content of the cytoplasm 
(Ludford, 1951). Such observations as these tend to emphasise that the cell as 
a whole is a unified functional system. It is reasonable to suppose that the 
performance of its fundamental vital processes necessitates intimate correlation 
of the functional activities of all its organellae. 

Recently Brenner (1953) has deduced from the appearance presented by 
the nucleus in phase-contrast photomicrographs and ultra-violet micrographs 
(Ludford and Smiles, 1950a, 1950b.), and from the results of ultra-centrifugation 
experiments carried out by himself and others (Beams, 1948 ; Claude, 1943) that 
segments of chromosomes are attached to the inner surface of the nuclear mem- 
brane. ‘‘ These segments maintain their continuity with the remaining parts of 
the chromosomes which, as uncoiled threads, occupy the inside of the interphase 
nucleus.” On the basis of Caspersson’s (1950) hypothesis that heterochromatic 
regions of the chromosomes control protein synthesis Brenner (1953) has proposed 
that “‘ the nuclear membrane heterochromatin with its specific genes controls the 
synthesis of equally specific microsomes, each desoxyribonucleic acid directing 
the synthesis of a characteristic type of ribonucleoprotein’’. 

* Protein synthesis is a two phase reaction’’, according to Haurowitz and 
Crampton (1952). In its first phase, an expanded peptide film acts as a template 
on which a layer of amino acids is absorbed. A non-specific enzyme is responsible 
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for peptide bond formation between the absorbed amino acids, so that a second 
identical peptide film is formed. The peptide film is maintained in the expanded 
state, its only efficient form, by combining with nucleic acids to form a nucle»- 
protein. In the second phase of protein synthesis, the peptide chain is folded 
to form a three-dimensional globular molecule. Haurowitz and Crampton (1952) 
suggest that the highly specific peptide chains are probably first formed in tiie 
nucleus, and that they pass out into the cytoplasm where they are specificaliy 
folded. Since antigens are deposited mainly in cytoplasmic granules in liver 
cells it is concluded that the folding of the peptide chains takes place in these 
granules. As Haurowitz and Crampton (1952) admit, their evidence that the first 
phase occurs inside the nucleus is equivocal, while certain of their experimental 
results indicate that it takes place in the cytoplasmic granules. Mudd (1952) 
has pointed out that it is logical to think that synthetic reactions occur in tlie 
neighbourhood of mitochondria, since the latter are “ the chief source of energy 
supply in the cell, of the efficient aerobic type of respiration which yields eneryy 
which is coupled with energy-requiring reactions of synthesis”. Morphological 
studies on mitochondria in cells under various physiological and pathological 
conditions strongly support this view (Bourne, 1950, 1951 ; Ludford, 1951a). 
These conflicting ideas which emphasise on the one hand, the activities of 
the cytoplasmic organellae, and on the other, the role of the nucleus, are not 
mutually contradictory. While there is considerable evidence to support the 
contention that mitochondria are concerned with cell respiration, there are 
equally good reasons for believing that genes either elaborate enzymes or control 
their activities by producing specific activators or inhibitors. It is reasonable 
to assume that the close spatial relationship between mitochondria and chromo- 
somes (Fig. 28 and 29) is the morphological expression of an intimate functional 


DESCRIPTION OF PLATES 


Fic. 30, 31.—Ultra-violet micrographs (2750 A) of nuclei of a mammary carcinoma (Af). 

Fic. 30.—Isolated coagulated nuclei in saline. 

Fic. 31.—Similar nuclei after smearing. 

Fie. 32 - 37.—Ultra-violet micrographs of nuclei of living carcinoma ond sarcoma cells 
(2750 

Fic. 32.—Part of the nucleus of a mammary carcinoma cell (Af) with the surface of the 
nucleus in focus. 

Fic. 33.—Part of the nucleus of another similar cell with the nucleolar system in focus. 

Fic. 34, 35.—Two optical sections through the same sarcoma cell (Rb). In Fig. 34 the 
peripheral granules (chromosomes) are seen; and in Fig. 35 the nucleolar system occupies 
the centre of the nucleus. 

Fic. 36.—Prophase nucleus of a sarcoma cell (Rb) showing the peripheral chromosomes. 

Fic. 37.—Similar cell with the internal nucleolar system in focus. 

Fic. 38, 39.—Malignant mammary gland cells and their non-malignant prototypes in tissue 
cultures. 

Fie. 38.—Three-days-old culture of mammary carcinoma (Ad). 

Fic. 39.—Five-days-old culture of mammary gland from a mouse of a low-breast-cancer 
strain. 

Fia. 40, 41.—Sarcoma cells and their non-malignant prototypes in tissue cultures. 

Fic. 40.—Seven-days-old culture of fibroblasts. 

Fic. 41.—Three-days-old culture of sarcoma (Aa). 

Fie. 42 to 45.—Fibroblasts and sarcoma cells in tissue cultures. 

Fic. 42, 43.—Fibroblast nuclei showing peripheral granules representing chromosomes anc 
the nucleolar system so flattened as to be almost in the same plane. 

Fic. 44.—Early prophase nucleus of a fibroblast containing chromosomes with conspicuous 
end knobs. 

Fic. 45.—Zone of con* act of heen of fibroblasts and sarcoma cells (Bb3). The 

malignant cells marked “ x 
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relationship. The peptide film which Haurowitz and Crampton (1952) suggest 
acts as a template in protein synthesis might be localised on the surface of the 
mitochondria. Occasionally fibroblasts migrating from explants in tissue cultures 
leave behind them small pieces of cytoplasm which contain mitochondria and other 
granules. Growth of such enucleate cytoplasm has not been observed by the 
writer. One possible reason for this is that the function of mitochondria is 
controlled by substances produced by the chromosomes. Certain observations 
also suggest that the latter are dependent upon substances supplied by the 
nucleolar system. 

In conclusion, it should be pointed out that cells may undergo malignant 
trensformation without any alteration occurring in their nuclear structure that 
cin be detected by the present methods of microscopy. This is understandable 
if as has been suggested (Ludford, 1952) the cytological basis of malignancy is 
ai: imbalance in the genes brought about by processes which result in (1) the loss 
of some chromosomes, or parts of chromosomes, and (2) the intranuclear dupli- 
lication of others. This implies that with improvements in microscopical technique 
it should be possible to distinguish differences between the chromosomes which 
are spread out on the inner surface of the nuclear membranes of malignant cells 
and their non-malignant prototypes. Our present microscopical methods are 
inadequate for obtaining really satisfactory pictures of the surface of the nucleus. 
In fixed and stained preparations chromosomes look like strings of irregular- 
shaped beads, strung on invisible short wavy threads (Fig. 1 to 5, and 42 and 43). 
Some ultra-violet micrographs exhibit the same arrangement (Fig. 32 and 34). 
Others suggest that the granular material is adherent to the surface of fine hyaline 
threads or tubules. Instead of tubules there may be rows of minute droplets 
the coalescence of which could be responsible for the formation of filaments. 
Evidence supporting such a probability is afforded by ultra-violet micrographs 
of smears of coagulated nuclei (Fig. 31). Unfortunately the methods employed in 
this work do not give high enough resolution to yield sufficiently convincing results 
for making a proper study of these intricate structures. Clearly, progress in this 
direction is dependent upon the devising of new techniques. 

The nuclear structure of the cells of most malignant growths exhibit a variety 
of abnormalities. Hypertrophy of the nucleolar system and an increase in chro- 
matin content are of common occurrence. According to Caspersson and Santesson 
(1942) the heterochromatin system of malignant cells is stimulated to abnormal 
activity. This leads to disturbances in the formation of cytoplasmic proteins 
and in the reproduction of gene protein, which result in abnormal growth. It 
would be more compatible with the results of the present study if hypertrophy 
of the nucleolar system and a hyperchromatinic condition of the nucleus were the 
morphological expression of an increased growth rate rather than being indicative 
of malignant growth. 

It has not been possible to identify the nucleolar organizer on the chromo- 
somes of the cells examined during the course of this work. So it remains to be 
determined whether increase in size of the nucleolar system is the result of dupli- 
cation of chromosomes bearing nucleolar organizers. There is, however, indirect 
evidence that this may be the case (Biesele, Poyner and Painter, 1942). 


The studies with ultra-violet microscopy described in this paper were carried 
out in the National Institute for Medical Research and constitute part of a wider 
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research on the application of modern methods of microscopy to the study cf 
living malignant cells (Ludford, Smiles and Welch, 1948a, 1948b ; Ludford an«! 
Smiles, 1950a, 19506). 


SUMMARY. 


1. The distinctive features of the nucleus of the mammalian cell are— 


(i) most of the chromosomes are spread out over the inner surface of the 
nuclear membrane. 

(ii) the nucleolar system occupies the middle part of the nucleus. In iis 
simplest form it consists of a single plasmosome bearing peripheral aggreg: - 
tions of nucleolar chromatin. In its most complex form in tumour celis 
it consists of numerous smaller bodies comprised of the same two con- 
stituents. 

(iii) chromosomes, presumably bearing nucleolar organizers, remain attached 
to nucleoli, and some at least extend from nucleoli to the nuclear peri- 
phery, as do also other delicate strands, probably composed of the same 
material as that which forms the nuclear membrane. 


This interpretation of nuclear structure is depicted diagrammatically in Fig. 28 
and 29. 

2. Changes observed in the nucleolar system are explicable on the assumption 
that either nucleolar chromatin is formed by the plasmosomes, or that both 
nucleolar constituents are synthesised from the same simple precursors, and that 
there are alternative pathways of metabolism leading to the formation of one or 
the other substance. 

3. In rapidly growing cells the proximity of mitochondria to the chromosomes 
immediately under the nuclear membrane implies functional interrelationship. 
It is suggested that protein synthesis occurs at the surface of the mitochondria 
and is controlled by substances emitted by the chromosomes, and that the nucleo- 
lar system supplies substances needed for the activity of the interphase chromo- 
somes. Deoxyribonucleoproteins from the nucleolar chromatin and ribonucleo- 
proteins from the plasmosome contribute at prophase to the formation of the 
mitotic chromosomes. 

4. Cells may undergo malignant transformation without alteration of nuclear 
structure that can be detected by the present techniques of microscopy. Never- 
theless the nuclei of most malignant cells exhibit hypertrophy of the nucleolar 
system, accompanied by an increase in extra-nucleolar chromatin (deoxyribonu- 
cleoprotein.) 
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CONSIDERABLE interest has been centred lately on the use of ascites tumours 
in rats and mice for biological research. Such tumours include, in mice, the 
Ehrlich and Krebs-2 carcinomata (Loewenthal and Jahn, 1932 ; Klein and Klein, 
1951) and S-37 and malignant lymphoma (Goldie and Felix, 1951) and, in rats, 
the Yoshida sarcoma, the MTK sarcomata I and II (Tanaka and Kané, 1951) 
and the Hirosaki sarcoma (Makino and Kand, 1953). The growth of these 
tumours is characterized by the formation of large numbers of discrete tumour 
cells, living in a compatible medium (peritoneal fluid) which lend themselves 
admirably to various biochemical studies. 

During the course of investigations into the nature of the virus of Rous sarcoma, 
an ascitic variant of the tumour was established early in 1953 in order to see if 
infective virus could be obtained in a more pure form. The fact that Rous No. | 
sarcoma can be grown intraperitoneally to produce freely dispersed cells and an 
ascitic fluid containing extracellular virus has already been noted (Epstein, 1951). 


MATERIALS AND METHODS, 


Animal material. 

All the chicks or chickens used in this work were obtained, by kind permission 
of Dr. A. W. Greenwood, from his inbred flock of Brown Leghorns maintained at 
Edinburgh. Other materials and techniques will be described in the experimental 


sections concerned. 
EXPERIMENTAL. 


Establishment of the ascites tumour. 

A 10 per cent suspension of cells from a rapidly growing Rous No. 1 sarcoma 
was prepared by macerating 1-0 g. of the tissue in 0-85 per cent. saline A small, 
all-glass macerator was used and only firm Rous tissue was selected showing 
no evidence of necrosis. Using a wide bore needle, 1 ml. of the suspension was 
inoculated into the abdominal cavity of each of 2 6-week old chickens from a 
known Rous susceptible strain maintained at this Centre. The needle was 
introduced into the soft part of the abdomen adjacent to the anterior end of the 
right pubis. With care, the inoculum can be deposited between the folds of the 
intestine without penetration of the gizzard or other tissues. The first ird 
died 17 days after the inoculation and, upon examination, the abdomen was 
found to contain about 12-15 ml. of mucous ascitic fluid which was removed for 
inoculation into fresh birds. The second bird was killed 29 days after inoculation 
and yielded about 30 ml. fluid. Rous tissue was found to have attached itself 
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tc the abdominal wall, surface of the gizzard and intestine, and the peritoneum. 
Several small loosely adherent nodules were to be seen on the surface of the liver. 

The tumour has now been carried through 18 passages. So far 84 animals have 
bc n inoculated and 71 successful tumours recorded (85 per cent). Most of the 
nevative results can be attributed to failure of the inoculum to enter the abdomen 
and, usually, subcutaneous tumours grew at the site of entry of the needle. 

The rapid growth of the Rous tissue and its invasion of the internal organs has 
been observed in all subsequent passages. Small nodules of tumour tissue 
at‘ach themselves to the surface of the organs and then proceed to infiltrate the 
membrane and musculature, often penetrating to the interior of the organ itself. 
Oi 30 birds from the Ist to the 12th passages autopsied 9—19 days after the inocula- 
tion of the tumour, the following tissues showed invasion microscopically and 
grossly : Gizzard (30), pancreas (27), duodenum (27), spleen (25), ovary (17 out of 
20), testis (5 out of 10), liver (12), heart (10), adrenal (10), kidney (7), and lungs 
(1). In the cases of the ovary and pancreas, invasion has frequently progressed 
to such an extent that only a few fragments of normal tissue remain, almost the 
whole organ having been replaced by tumour tissue. Such extensive encroach- 
ment has been noted after only 10 days’ growth of the tumour. 

The ascitic fluid itself, when examined under the microscope is seen to contain 
mostly individual cells and a few small clumps of cells. There are usually 10-15 
ml. pale yellow, viscous fluid present in a 6-week-old bird after 10—12 days’ incuba- 
tion. and, on occasion, as much as 60 ml. have been obtained. The animals 
generally survive about 12-14 days. The cells account for approximately 10 
per cent of the fluid volume. Counts of the cells made from stained smears 
(Giemsa) at various times during the passaging of the tumour show that of over 
2000 cells counted approximately 50 per cent are round tumour cells, and the 
remainder leukocytes, lymphocytes and connective tissue cells. This proportion 
has remained unchanged throughout the 18 passages so far maintained. Whenever 
intensive invasion has occurred, the secondary growth has resumed its normal 
histology of whorling bundles of spindle cells. On various occasions, virus or 
whole cells from ascitic fluid have been inoculated into the muscles of birds and, 
again, there is an immediate return to the normal histological picture of a solid 
Rous No. 1 sarcoma. 


Cytoplasmic and nuclear characteristics of ascitic Rous sarcoma cells. 


Smears of the ascitic fluid have been made and stained either by the Giemsa, 
Feulgen or iron haematoxylin method for examination in the microscope. Fig. 1 
shows the typical appearance of the fluid using iron haematoxylin stain. The 
cytoplasmic and nuclear changes in Rous sarcoma cells cultivated in vitro have been 
described (Tenenbaum and Doljanski, 1941; Doljanski and Tenenbaum, 1943) 
and many of the descriptions apply to the appearance of the cells grown intra- 
peritoneally. The most obvious feature is the tremendous range in size of the 
cells. Most of them are 8-124 in diameter when smeared and stained with iron 
haematoxylin, but some have been observed with a diameter of 22”. The average 
lengih of the chicken red blood cell in the same smears is ll. The blue staining 
granule and thread network in the peripheral cytoplasm (Giemsa stain) and the 
dens central zone can be seen, as well as the large cytoplasmic vacuoles and club- 
shaped pseudopodia. The nuclei often show many particulate masses, sometimes 
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scattered at random and sometimes arranged round the periphery of the nucleus, 
The gathering of this granular material into the centre of the nucleus, leaving a 
clear zone between it and the nuclear membrane as described by Tenenbavm 
and Doljanski (1941), is only rarely seen in these preparations. Large rou id 
or rod-shaped, densely staining nucleoli are common and irregularly shaped ones 
are frequently found. Multinucleate cells are present and many contain freg- 
mented nuclei with as many as 15-20 fragments. Measurement of the frequency 
of multinucleate cells is given in a later section. 

Ascitic fluid examined microscopically by dark field illumination on the warm 
stage provides an excellent opportunity to observe the living cells for long periods 
of time. The fluid is usually diluted 1: 1 with 0-85 per cent saline and a drop 
sealed between slide and cover slip. With this technique some of the cytoplasmic 
and nuclear changes already mentioned can be seen with great clarity. The 
dense central area of the cytoplasm almost fills the whole cell at times and appears 
to be composed of granules and particles of various sizes (Fig. 2). The smaller 
particles undergo rapid Brownian movement. The lace-edge appearance of the 
cells is typical of fresh preparations and the cell membrane tends to become 
more regular after a few hours. In the peripheral area of the cytoplasm, and in 
the pseudopodia, a very fine “ mist ’’ of minute particles can sometimes be seen, 
although this does not occur in every cell. The club-shaped pseudopodia described 
by Doljanski and Tenenbaum (1943) are a common feature and sometimes become 
detached, forming free spherical “ bubbles’ of protoplasm, usually shimmering 
with the rapid Brownian movement of very fine particles. Similar vesicles are 
seen, especially in the clumps of aggregated cells in which either particles or an 
interwoven mass of fine filaments appears. The filaments, too, are in constant 
motion and are sometimes accompanied by granules. When the preparations 
are left on the warm stage for long periods of time, the particle filled vesicles 
become more abundant. After 72 hours they can be seen in large numbers, some 
of them undergoing an apparent amoeboid movement due to the vigorous activity 
of the particles. Filaments, whether in the cytoplasm or attached to the cell 
membrane and streaming in the surrounding fluid are a. common feature of the 
Rous ascites tumour (Fig. 3). These structures have been re-examined and 
discussed recently by Campbell (1952). They have been shown to be present not 
only in pathological blood conditions, but also in normal blood after it has been 
kept for several hours under sterile conditions. In the Rous ascitic tumour and 
in erythroleukaemic blood (Campbell, 1952) filamentous structures are present in 
fresh preparations and may be associated with the high rate of cell degeneration. 
The possibility that they may represent a method of virus release from infected 
cells must be borne in mind. Similar structures have been observed associated 
with cells infected with influenza virus by Hoyle (1950) and Wyckoff (1951). 

A peculiar filamentous structure encountered, only occasionally, is represented 
by the spear-shaped process shown in Fig. 4. The tips of these “ spears ”’ often 
increase in length and become thinner until they eventually part about half-way 
along the thread so formed. The outer part of the thread becomes an exter val, 
free floating filament and the inner part withdraws to the cell, forming a s»uall 
protrusion on the cell membrane. This type of structure usually occurs in cells 
having a poorly defined nucleas under conditions of dark-ground illumination. 

The fluid surrounding the cells also contains numerous tiny rapidly mov ing 
particles which scatter light. Multinucleate cells show up very well and, occa- 
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sionally, the final stages of the separation of two nuclei have been observed in 
cells which have failed to cleave. 


J) ultinucleate cells in the Rous ascites tumour. 


Smears have been made at various times during the passaging of the tumour 
avd stained with Giemsa or iron haematoxylin in order to study nuclear abnor- 
nities. Multinucleate cells, karyorrhectic nuclei and mitoses can be easily 
distinguished. Table I summarizes the counts of a 500 cell sample from each of 
the 7th, 13th and 17th passages. The samples were taken between the 10th and 
14:h days after inoculation of the tumour. Only cells containing morphologically 
nermal nuclei are included in the multinucleate forms. Such cells arise because 
oi failure of cell cleavage after nuclear division. The obviously pathological 
type, in which as many as 20 darkly staining pyknotic fragments are sometimes 
seen, are listed as “‘ karyorrhexis”’ in the table. Finally, an estimate of the 
number of mitotic figures has been included. 


TABLE I.—Frequency of Multinucleate, Karyorrhectic and Mitotic Cells in Samples 
of the 7th, 13th and 17th Passages of the Rous Ascites Tumour. 


Percentage of total tumour cells. 


17th passage. Average. 


It is too early to ascertain whether the apparent increase in the number of 
multinucleate forms in the later passages is real or not. Observations over the 
next year or so should clear this up. The results at the present time, however, 
show that more than 10 per cent of the cells have undergone abnormal mitosis 
due to failure of cleavage after nuclear division. The incidences of karyorrhexis 
and mitosis after 10-14 days’ tumour growth have not altered to any significant 
extent. 


Infective virus in ascites and solid Rous sarcomata. 


The amounts of infective virus contained in either the cytoplasm of the washed 
cells or in the cell-free fluid have been determined by means of the day-old chick 
titration method first described by Carr and Harris (1951). The procedure for 
obtaining the virus is simple. Usually 10 ml. ascitic fluid are treated in a 
graduated 10 ml. centrifuge tube with 1 mg. hyaluronidase for 15-30 minutes to 
reduce the viscosity of the fluid. The cells are then thrown down in the centrifuge. 
The supernatant is pale yellow in colour, sometimes with a greenish tinge if blood 
brerkdown products are present, and is faintly opaque. The packed cells (about 
10 per cent of the total fluid volume) are resuspended in 9 ml. saline and deposited 
again. Finally, the washed cells are lysed in 9 ml. distilled water to release 
virus and the debris centrifuged off. The cell extract and cell-free fluid are then 
diluted serially in tenfold steps for titration in chicks. 


Number of 
nuclei 
per cell. 7th passage. 13th passage. 
1 é 88-5 88-0 83-6 86-6 
2 7-5 8-8 11-8 9-4 
3 0-8 0-9 1-2 1-0 
Karyorrhexis_ . 1-9 1-6 2-0 1-8 
Mitosis . 1-3 0-7 1-2 1-1 
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Table II shows the results for the first 10 passages, along with two sets of 
figures obtained for solid Rous sarcoma tissue and cell-free exudate. The results 
are expressed as minimum infective doses (M.I.D.) per g. packed cells or tissue 
and M.I.D. per ml. fluid or exudate. The blanks indicate that a titration wis 


not done. 


TaBLE II.—Infectivity of Cell Extracts and Cell-Free Fluid of the 
Rous Ascites Tumour and the Solid Rous No. 1 Sarcoma. 


Infective virus content 


A 


Intracellular 
Ascites tumour (M.I.D.’s/g.- Fluid 
passage No. cells). (M.I.D.’s/ml.). 
1 10* 
2 10* 
3 
4 
5 
6 
7 
8 
9 
0 


i (M.I.D.’s/g. Exudate 
No. tissue). (M.I.D.’s/ml.). 
‘ 105 10* 
105 104 


It is apparent that the tumour has adapted itself with ease to the new environ- 
ment with no serious effect on the production of infective virus. The virus 
titres of fluid and cell contents follow each other fairly closely. In 4 of the 7 
pairs of results, however, the intracellular virus shows a higher titre by one log,, 
dose. In this respect the ascitic tumour behaves in the same way as the solid 
sarcoma and its exudate. 


Estimation of total ‘‘ purified” virus material in cells and cell-free fluid of the Rous 
ascites tumour. 

In view of the differences encountered in the infectivity titres of the fluid 
and cells, estimates have been made of the amounts of virus material obtainable 
from both sources. The “ purified’ virus was isolated by the fractional centri- 
fugation method of Carr and Harris (1951). Ascites fluid was first treated with 
hyaluronidase to reduce the viscosity. The cells were then centrifuged off, 
washed in 0-85 per cent saline, lysed in distilled water and the cell debris discarded. 
Both the cell extract and the fluid were then deposited in the Servall 8.8.1 angle 


EXPLANATION OF PLATES. 


Fic. 1.—Smear of Rous ascites fluid (7th passage). Iron haematoxylin. x 850. 

Fic. 2.—Living ascites tumour cell (14th passage). Dark field illumination. x 3400. 

Fic. 3.—Living ascites tumour cell showing filaments stretched in cobweb fashion from one 
cell to another (14th passage). Dark field illumination. x 3400. 

Fic. 4.—Living ascites tumour cell showing spear-shaped pseudopodia which later break off 

forming external filaments (14th passage). Dark field illumination. x 3400. 
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centrifuge at 12,000 r.p.m. for 55 minutes. The resulting pellets were treated 
with trypsin in M/5 phosphate solution, clarified and deposited again. The 
amounts of virus material obtained in this way were estimated by the biuret 
method described in a previous publication (Bather, 1953). Virus content is 
expressed as ml. dry weight per unit of tissue or fluid. During the washing of the 
ce'ls, a cell count was done in a haemacytometer. 

Table II summarizes the results and includes an estimate of the virus per 
ce!! in solid Rous sarcoma tissue. The figure is based on the average virus yields, 
as veported elsewhere (Bather, 1953) and an approximate cell count using the 
method of Mizen and Petermann (1952). This method utilizes controlled homo- 
genization in sucrose and acetic acid solutions containing calcium chloride, 
(0023 m CaCl, is used here). After suitable dilution, a count can be made of 
the whole cells and nuclei in a haemacytometer. An average figure for Rous 
sarcoma, based on five different tumours was found to be 32-2 x 10’ cells per g. 
with a standard deviation of + 2-8. A check was provided by the more tedious 
method of counting nuclei in stained sections of tissue. The result of 30 separate 
counts gave an average of 29 x 10’ cells per g. 


TaBLE III.—*‘ Purified ” Virus Material in Cells of Solid Rous No. 1 Sarcoma 
and in Cells and Cell-free Fluid of Rous Ascites Tumour. 
Intracellular. 


_ — Cell-free fluid 
Tumour. Mg. per g. Mg. per cell. (mg. per ml.). 
Ascites 1 0-42 0-92 x 10-* 0-015 
2 ‘ ‘ 0-31 0-88 x 10-* . 0-015 
0-14 0-83 x 10-* ‘ 0-014 
0-37 0-82 x 10-* ‘ 


0-30 0-86 x 10-° ° 0-015 


Solid Rous sarcoma . ‘ 0-46 1-44x 10-* 


In terms of dry weight per unit volume, the cell-free ascites fluid contains 
only 5 per cent of the “ purified ’” virus material found in the cells. The cells of 
the solid Rous No. 1 sarcoma yield an average of 68 per cent more “ purified ” 
material per cell than do those of the ascites variant. The values for the virus 
content per cell are remarkably constant when compared with the virus content 
per g. packed cells and per g. tumour tissue. It is increasingly evident that in 
= experiments of this type, when one desires to know the yield of an intracellular 

component, it is more suitable to state the amount per cell than the amount per 
unit weight of tissue. 

When estimating the cell content of tumour tissue, any method using the 
counting of nuclei is subject to a serious error due to the presence of multinucleate 
cells. It is difficult to determine the percentage of such cells in the solid Rous No. 
| sarcoma but it is probably less than 10 per cent. Furthermore, it is likely that 
for the purposes of estimating cytoplasmic components, a cell containing 2 nuclei 
is, in effect, 2 cells. 


DISCUSSION. 


Rous sarcoma, like certain of the mouse lymphomata and sarcomata is readily 
convertible into an ascites tumour and, as such, produces large quantities of 


Average... 
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peritoneal fluid containing suspended round cells. It seems probable that th's 
type of conversion does not depend on the selection of round cells since when tlie 
tumour invades the abdominal organs, the secondary growth reverts to the 
normal spindle-cell form immediately. Moreover, virus or whole fluids, from the 
ascites tumour, when inoculated intramuscularly, produces a typical solid Rous 
sarcoma. Doljanski and Tenenbaum (1941) have described the reversible trans- 
formation of the one type of Rous cell to the other in tissue culture. Thus the 
Rous sarcoma, in chickens, closely resembles 837 sarcoma and T2146 tumour in 
mice, both of which have been shown to form ascites tumours by reversil \e 
adaptation (Lasnitzki, 1953). 

Results from the first ten passages of the ascites tumour indicate that tie 
cell-free ascitic fluid contains infective virus to an extent, roughly, of that 
contained in a 10 per cent extract of the cells. Similar observations have been 
made on the liquid exudate from solid Rous sarcomata. There are various ways 
in which the virus may be released from the cells. In the first place, of course, 
virus might be released upon necrosis and disintegration of the cell. Secondly, 
there is the possibility that the filaments, which are abundant even in fresh 
preparations of Rous ascites fluid, may represent a method of ejecting virus 
particles. A third possibility is that the ‘ bubbles ” of particle-filled protoplasm 
which have been observed breaking away from the cells, may later disintegrate, 
releasing infective virus. All of these phenomena occur to a larger extent in 
the later stages of the life of the cell than in the earlier ones. It has already 
been shown by Carr (1953) that Rous virus, like other viruses and bacterio- 
phages, undergoes a period of non-infectivity during the early part of its multi- 
plication cycle. It is impossible, at the present time, to come to any conclusions 
regarding the release of virus into the fluid except that, in all likelihood, it happens 
late in the life of the cell and may come about by any of the mechanisms noted. 

The amount of “ purified ’’ virus in the fluid is about 34 of that found in the 
washed cells. This is sufficient to explain the fact that the fluid usually exhibits 
only 10 per cent of the infectivity of the cell contents. Unfortunately, the 
sensitivity of the chick titration method for virus infectivity is not high enough to 
indicate whether any real improvement has been made in the yield of the infective 
virus either from fluid or cells. So far the best titre of infective virus from the 
ascites cells has been 10° M.I.D.’s per g. packed cells and this agrees with the 
yield per g. of the solid tumour growing in birds of the same age. In terms of 
dry weight of virus material, this infective titre was given by 0-30 m.g “‘ purified” 
virus for the ascites tumour and 0-46 mg. for the solidtumour. The best yield from 
ascitic fluid so far has been 10° M.I.D.’s per ml. representing 0-015 mg. dry weight 
purified virus. All of these differences are inside the sensitivity range of the 
infectivity titration method employed. 

When the yields of total virus material per cell are considered, there cloes 
appear to be a reduction in the case of the ascites tumour. This tumour contained 
0-86 x 10-® mg. per cell compared with 1-44 x 10° mg. per cell for the solid 
tumour. Here, the problem arises of contamination with non-malignant cells. 
In the ascites tumour only } of the cells appear to be malignant, the remainder 
either lymphocytes, leucocytes or connective tissue cells. In the solid tumour 
there are always variable amounts of lymphoid, muscle and blood cells present. 
It is, therefore, doubtful if the virus can be obtained in a more pure form 
from the cells of the ascites variant than from the solid form of Rous sarcoma. 
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If any improvement can be looked for, it is more likely to be found in the fluid 
since, presumably, the normal cells present would not be so likely to contribute 
c\ toplasmic particles to the surrounding fluid as would the sarcoma cells. 


SUMMARY AND CONCLUSIONS. 


1. An ascites variant of the Rous No. 1 sarcoma has been established and is 
described. It has been carried through 18 passages with 85 per cent successful 
inoculations. The ascites produced is made up of cells (10 per cent) and a pale 
yellow viscous fluid (90 per cent) both of which contain infective virus. The 
ce'ls are mostly dispersed singly but some are aggregated into small clumps. 
A)proximately 50 per cent of them are round tumour cells, the remainder lympho- 
cytes, leucocytes and connective tissue cells. The round cells appeared in the 
first passage of the tumour. 

2. After 10-14 days’ growth, 10-5 per cent of the tumour cells are multi- 
nucleate (with 2-4 nuclei) 1-8 per cent contain pyknotic, fragmentary nuclei 
(karyorrhexis) and 1-1 per cent are undergoing mitosis. The main reason for 
abnormal mitosis appears to be failure of cell cleavage after nuclear division. 

3. The tumour is highly invasive and the secondary growths revert immediately 
to the normal spindle cell formation of a solid Rous No. 1 sarcoma. Similarly 
when virus or cells from the ascites tumour are transplanted intramuscularly, a 
typical solid Rous No. 1 sarcoma results. The ascites tumour, then, is a readily 
reversible adaptation to a new environment. 

4. The cells of the ascites tumour contain 0-86 x 10-* mg. “ purified ” virus 
material per cell (0-30 mg. per g.) compared with 1-44 x 10-° mg. per cell for 
the solid tumour (0-46 mg. per g.). The cell-free fluid contains 0-015 mg. per 
ml. Fluid exhibits the same, or more often, ;y of the infectivity of cells and this 
can be referred to the smaller amount of virus material present. No improvement 
in the yields of infective virus, as detectable by the day-old chick titration method, 
has been obtained from either washed cells or cell-free fluid of the Rous ascites 
tumour when compared with the solid Rous No. 1 sarcoma. 

5. The common occurrence of filaments and detached “‘ bubbles ”’ of particle- 
filled protoplasm suggest that these may be mechanisms of release of virus from 
the tumour cells into the surrounding fluid. 


All expenses in connection with this work were borne by the British Empire 
Cancer Campaign. I should like to thank Dr. J. G. Campbell, pathologist, for 
his advice and criticism, and Mr. G. MacKenzie for technical assistance in the 
preparations of photographs and staining of microscopical sections and smears. 
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Tne intercellular ground substance of some virus-induced fowl sarcomas is 
unusually viscous and shows, after histological processing, basophilic and meta- 
chromatic staining properties. Varying degrees of metachromasia to basic 
aniline dyes have been noted, and the reaction is diminished after digestion of 
the viscous material with testis hyaluronidase. Previous extraction experi- 
merits mentioned below indicated a high content of hyaluronate in the ground 
substance, but other observations on tumours, however, suggested the simul- 
tancous presence of ester sulphate-bearing polysaccharides (Sylvén, 1945, 1949). 
Since the composition of stromal polysaccharides is largely unknown, the results 
of a more detailed reinvestigation will be briefly reported. 

Kabat (1939) isolated from two cystic fowl sarcomas a polysaccharide closely 
similar to umbilical cord hyaluronic acid, and Claude (1940) reported that leech 
hyaluronidase reduced the viscosity of Rous chicken tumour extracts. Pirie 
(1942) obtained hyaluronic acid from Rous and Fujinami myxosarcomas ; this 
was in two cases stated to be free from sulphur, in one case, however, the prepara- 
tion contained additional nitrogen and also 0-1 per cent sulphur. Warren, 
Williams, Alburn and Seifter (1949) obtained from fresh Rous chicken sarcomas 
a yield of about 0-1 per cent of hyaluronic acid of moderate purity (N, 3-8 per 
cent). This acid had a lower viscosity than those usually obtained from umbilical 
cord. 


EXPERIMENTAL. 


Extraction and characterization of the crude polysaccharides. 


Tumour was collected from 2 to 3 months old Brown Leghorn fowls bearing 
rapidly-growing pectoral Rous sarcomas. Care was taken to avoid necrotic 
areas and possible.admixture of cartilage. The pooled material was defatted in 
cold acetone, dried and extracted for 3 days at room temperature in 2 per cent 
phenol solution. The centrifugally-cleared extract was adjusted to 1 per cent 
with 20 per cent saline and the crude mucoprotein, etc., precipitated by addition 
of two volumes of alcohol. The washed deposit was redissolved in 1 per cent 
saline, adjusted to pH 7-5 and digested for 24 hours at room temperature with com- 
mercial trypsin. The mixture was then filtered with the aid of Hyflo Super-cel 
and veprecipitated with 2 volumes of alcohol. The deposit was again washed 
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with aqueous alcohol and finally redissolved in water. Low molecular weig it 
contaminants were removed by dialysis for 96 hours against water at 2°C. Tue 
viscous polysaccharide solution was finally centrifuged for 2 hours at 2° C. aid 
20,000 r.p.m. (Spinco preparative ultra-centrifuge) and the clear supernata it 
frozen-dried. The yield of protein-free, crude polysaccharide was about 2 per 
cent of the acetone-dried tumour tissue. 

The material contained polysaccharide and pentosenucleic acid, and the ana‘ y- 
tical data were: Nitrogen (Kjeldahl) varying between 5-2 and 6-3 per cen ; 
Phosphorus (Fiske and Subbarow) 1-7 to 1-8 per cent ; and Sulphur (Paulscn) 
0-6 per cent. The ninhydrin reaction was negative. Metachromatic stainig 
with Azure A (Sylvén and Malmgren, 1952) revealed the presence of one orthochi o- 
matic component and another presenting alcohol-resistant metachromatic preci pi- 
tates. The material had no anti-thrombic activity, indicating that heparin in 
a free state was not present. The viscous material was further degraded |y 
testis hyaluronidase at a somewhat slower rate than purified umbilical hyaluron- 
ate. In the ultracentrifuge, one inhomogeneous component was found. The 
electrophoresis experiments indicated the presence of two components with high 
electrophoretic mobilities (Table I and Fig. 1, upper curve). 


Fic. 1.—Electrophoresis diagram of sample A (above), and sample D (below). The left 
peaks are false boundaries, the main peaks are due to hyaluronic acid, and the right peak 
of sample A is due to nucleic acid. Arrow indicates direction of migration. 


Preliminary experiments showed that the phosphorus-containing component 
of this crude polysaccharide was largely pentosenucleic acid. After hydrolysis 
of the mixture with 0-2 N sodium hydroxide 96 per cent of the total phosphorus 
was rendered acid-soluble. Substitution of crystalline for commercial-grade 
trypsin in the extraction procedure gave final products containing 8-9 per ent 
N and 3-4 per cent P. Enzymatic hydrolysis of the main polysaccharide com- 
ponent of the mixture in an early stage of the extraction permitted the puri'ica- 
tion of this pentosenucleic acid, and it was subsequently analysed for its pen ose 
nucleoside content (Beale, Harris and Roe, 1952). 
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Pu ‘fication procedure. 
‘a order to get rid of the nucleic acid and sulphur-bearing admixtures for this 
investigation the following purification scheme was adopted : 


Purification Scheme of Crude Rous Polysaccharide. 
Rou crude polysaccharide (A) (200 mg.). 
‘ibonuclease (1-2 mg.) treatment in borate buffer at pH 7-7 at 30° for 48 hours, followed by 
ialysis. 


Dial: sis residue (B) dried in vacuo from the frozen state (152 mg.). 


100 ing. of B digested with 0-5 mg. desoxyribonuclease in borate buffer at pH 7-0 for 48 hours, 
lowed by dialysis. 


Add; ion of Azure A to the bulk of the dialysis residue. 

The ..etachromatic precipitate removed by means of Spinco ultracentrifuge (60 min. run at 30,000 
p.m.). 

Excess of dye removed by ion exchanger (Dowex 50). 

The | ltrate dried in vacuo in the frozen state. 

Yieli of purified material (D) 70 mg. 


Part of the dialysis residue (C) dried in vacuo from the frozen state. Yield 22 mg. 


Samples A, B, C and D were analysed for nitrogen, phosphorus, sulphur 
(Paulson, 1953), hexosamine (Blix, 1948), and hexuronic acid (Maher, 1949). 
Ultracentrifugation experiments were performed at a concentration of 0-5 per 
cent in 0-lu phosphate buffers at pH 6-8, and electrophoretic investigations at 
a concentration of 0-25 per cent in 0-ly acetate buffers at pH 4-2. The data 
obtained are given in Table I together with, for comparison, data on highly- 
puritied sodium hyaluronate. 


Hyaluronic 
acid from 
human umbilical 


cord 
(Na salt). 


Nitrogen in per cent, 
Phosphorus 

Sulphur 

Hexosamine 

Hexuronie acid ,, 
Electrophoretic mobility 

x 1 em.*/volt sec. 
Sedimentation constant 


Optical rotation [«] —35° to —40°* 
—13°t 


* 
— 


© 
el el 


* According to Sylvén and Malmgren (1952). 
+ According to Meyer and Chaffee (1940) on synovial hyaluronic acid. 


The first purification step, namely, digestion with crystalline ribonuclease, 
converted about 25 per cent of the crude material A into a dialysable form. 
Caleu'ated on the P value, the intermediate sample B still contained, however, 
about 3 per cent of the total nucleic acid originally present in sample A. This 
evidently could not be reme: ed by desoxyribonuclease since the same P contents 


D. 
3-15 3-29. 3-24 
0-06 0-00 
0-01 . <0-02 
7 4-2 44-4 
ja 0-98. 
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were found in samples B and C, and this residue may possibly be a part of the 
ribosenucleic acid not attacked by ribonuclease, and still present in the final poly- 
saccharide material D. After ribonuclease treatment the fastest moving com))o- 
nent in the electrophoretic pattern (~ = 13-8) had disappeared (Fig. 1, lower 
part). The sedimentation diagrams of samples A and B were, however, quite 
similar showing only one component sedimenting with the same velocity. 

The sulphur-bearing admixture in sample B was removed almost complet-ly 
by precipitation with Azure A (cp, Sylvén and Malmgren, 1952). 


Identification of hyaluronic acid. 

The remaining polysaccharide material D had a similar chemical composit.on 
and electrophoretic mobility to hyaluronate from mammalian sources. D was 
also degraded by testis hyaluronidase at a similar rate to other such hyaluronaies. 
Following acid hydrolysis only glucose (glucosamine) could be demonstrated by 
paper electrophoresis in borate buffer (Consden and Stanier, 1952). In addition, 
infra-red spectral measurements kindly performed by 8. F. D. Orr have shown 
the spectrum of sample D to be very similar to that of purified hyaluronate 
prepared from human umbilical cord. (Orr, Harris and Sylvén, 1952). The two 
spectra were identical in the region 680-980 cm.-!, showing the two materials 
to have the same molecular skeleton (Orr, 1954). The only difference lay in 
the relative intensities of the bands due to the acid and amide carbonyl groups. 
However, the acid : amide ratio in sample D cannot be more than 5 per cent 
greater than that in the purified umbilical hyaluronate. 


Nature of the sulphur-containing material. 


The metachromatic precipitate formed by Azure A treatment of sample B 
was almost insoluble and further information about its composition could not 
be obtained. Attempts were therefore made to remove the nucleic acid and the 
hyaluronate from the starting material by successive ribonuclease and hyaluro- 
nidase treatments. After removal of the hydrolysis products by dialysis it was 
thought possible to obtain the S-bearing material in a purified and soluble state. 
However, this latter material exhibited a powerful inhibitory effect on hyaluro- 
nidase. In one experiment, when 30 mg. of sample B was treated with 3 mg. of 
testis hyaluronidase (Wyeth, Inc.) in barbiturate buffer at pH 6-8 and 37 C. 
for 3 days, more than 60 per cent of the substrate B still remained in a nondialy- 
sable state. The S content of the remaining non-digested material was 0-49 per 
cent. In the course of this long digestion, however, a small precipitate was 
formed, which had a N content of 10-0 per cent and S content of 4°8 per cent. 
These figures suggested that a new product had been formed between the protein 
hyaluronidase and a S-containing polysaccharide. If the polysaccharide is 
assumed to contain 3 per cent nitrogen, the nitrogen value of the precipitate 
would fit a protein content of about 55 per cent, and hence a polysaccharide 
content of about 45 per cent. The sulphur value of 4-8 per cent would thus 
indicate a polysaccharide containing about 10 per cent sulphur. The precip tate 
mentioned above was slightly soluble in alkaline media, and showed an anti- 
thrombic activity corresponding to about 10 to 20 per cent by weight of heparin. 
This finding, in conjunction with the high S value and the hyaluronidase inhibitory 
effect suggest that heparin very likely represents the S-bearing material. It 
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shc ald further be added that samples A to D were entirely without anti-thrombic 
act vity. 


DISCUSSION. 


Following very mild extraction of Rous tumour tissue, a polysaccharide 
ma‘erial was obtained in combination with protein and ribosenucleic acid which 
were easily removed enzymatically. The intermediate protein-free material 
(sainple A) contained about 70 per cent hyaluronate, 25 per cent nucleic acid, 
and about 5 per cent of a sulphur-bearing polysaccharide presenting some bio- 
logical characteristics of heparin. The largest part of the polysaccharide material 
prevent is thus beyond doubt hyaluronic acid with identical molar characteristics 
wit!: that obtained from mammalian sources. The Rous hyaluronate has probably 
a lower particle size than the hyaluronate from normal tissues, and the high 
visc sity of the intercellular Rous material seems partly due to the protein com- 

nents. 

‘The identification of heparin in the sulphur-bearing polysaccharide has not 
been fully established. The marked inhibitory action on hyaluronidase favours 
the assumption that heparin was actually present. A further possibility may also 
be considered, namely, that the antithrombic heparin assay was interfered with 
by the simultaneous presence of other material reacting with the heparin comple- 
ment or with thrombin. This question requires further study. 

So far as the localization of these substances in Rous tumour tissue is concern- 
ed it seems evident that hyaluronate, together with protein and salts, is present 
in the intercellular ground substance. This view is supported by metachromatic 
staining and by digestion experiments. Since the stromal areas of Rous sarcoma 


are very poor in mast cells, and further, since the degree of metachromasia of 
this ground substance is more pronounced than would be expected from the con- 
tent of hyaluronic acid alone (Sylvén and Malmgren, 1952), it would seem pro- 
bable that part of the extracted heparin or heparin-like material is derived from 
the ground substance. 


SUMMARY. 


Extraction experiments confirm that Rous No. 1 fowl sarcoma tissue is rich 
in hyaluronate, which presents chemical and infra-red characteristics identical 
with mammalian hyaluronate. In addition, a small amount of another sulphur- 
bearing polysaccharide has been demonstrated, which is believed to be heparin. 
The staining properties of Rous tumour tissue suggest that these polysaccharides 
are most likely located in the stromal ground substance. 


The investigation has been aided by the award of a British Empire Cancer 
Campaign Research Fellowship to one of us (R. J. C. H.) and has been supported 
by grants to the Royal Cancer Hospital and the Chester Beatty Institute from 
the British Empire Cancer Campaign, the Jane Coffin Childs Memorial Fund for 
Medical Research, the Anna Fuller Fund, and the National Cancer Institute 
of the National Institutes of Health, United States Public Health Service, and 
by institutional grants to the Cancer Research Division of Radiumhemmet 
from the Swedish Anti-Cancer Society, Konung Gustaf V:s Jubileumsfond, 
Cancerféreningen i Stockholm, and Eli Lilly and Co. Indianapolis, U.S.A. 
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EPITHELIAL TUMOURS IN FOWLS INDUCED BY 
2-ACETY LAMINOFLUORENE. 
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\VE have previously reported the induction of squamous carcinoma of the 
cro) in fowls following injections into the lumen of the viscus of 2-acetyl- 
aminofluorene (2-AAF) dissolved in arachis oil (Peacock and Peacock, 1949). 
As ‘he injections were made directly through the skin, subcutaneous tissues and 
wall of the crop, some of the inoculum might be retained in the tissues and in 
fact numerous small cysts in the track of the needle were found post-mortem in 
several birds. No sarcomata were found, however, and the local trauma to the 
squamous epithelium of the crop apparently favoured the local action of the 
oily solution of carcinogen. 

Further experiments designed to assess the possible action of 2-AAF in arachis 
oil encysted in the submucous tissues of the crop have been in progress for about 
4 years, so far with negative results. On the other hand, repeated injections of 
aqueous suspensions of 2-AAF directly into the lumen of the crop have yielded a 
variety of epithelial tumours, now to be described. 


METHODS. 


An aqueous suspension of 2-AAF was prepared by adding 2 ml. of a 1-5 per 
cent solution of 2-AAF in absolute ethyl alcohol to 10 ml. of a 0-3 per cent solution 
of gelatin in distilled water. 10 ml. of this suspension containing 25 mg. of 2-AAF 
was injected repeatedly into the crop of each bird. 

Sixteen White Leghorn cockerels of our inbred flock, aged 5 months at the 
start of the experiment were injected twice weekly for 4 months, then once 
weekly for a further year, and then at less frequent intervals, determined by 
their general state of health. 

They were kept on open grass range with access to unheated fowl houses and 
fed twice daily with commercial poultry mash and pellets. Water was always 
available. 


RESULTS. 


The birds were examined at frequent intervals, but rarely presented visible 
lesions even when visceral tumours were advanced. Birds were killed when 
moribund, or were found dead, and all were examined post-mortem except for 
od : entral nervous system. The course of the experiment is summarised in 

able I, 


* Working under a full-time Grant from the British Empire Cancer Campaign. 
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I. 


Time 
Total between 
weight Ist 
of 2 AAF injection 
Number of injected. and death 
inoculations. (g.). (weeks). Results. 


48 Accidental death. No abnormalities. 

75 Pneumonia. Simple ulceration in crop aid 
cloaca. 

*K. Simple ulcer in crop. 

Pulmonary congestion. 

K. Middle ear abscess. Kidneys cystic. 

K. Kidneys cystic. 

Accidental death. Kidneys cystic. 
. Tumours in lungs and kidneys. 

*D. Tumour in palate, oseophagus, right 
kidney. 

K. Left leg paralysed by pressure of 
renal tumour. 

K. Tumour in left lung. Kidneys cystic. 
Tumour in liver. 

Pneumonia. Kidneys cystic. 

K. Kidneys cystic and irregularly nodular. 

K. Septic foot. Tumour and white patches 
in kidney. 

3 days after biopsy. Lung tumour. 

Kidneys cystic. 

3-1 ° . K. Multiple tumours in both kidneys and 

secondaries in liver. 


*2 AAF = 2 acetylaminofluorene. 
K = Killed. 
D = Found dead. 


From this it will be seen that 5 birds had macroscopic tumours of the kidney, 
2 associated with other tumours, and all those that died or were killed after 140 
weeks of experiment showed gross lesions of the kidney. There were 3 apparently 
primary lung tumours, 2 associated with other tumours. Detailed reports of all 
tumours follow. 


Pathological reports. 

No. 3146 (cock).—Killed. There was ulceration of the skin at the site of injec- 
tion into the crop, possibly due to leakage into connective tissues. The lungs 
were largely replaced by tumour. The kidneys contained many small cysts. 
The testes were small; other viscera showed no gross abnormalities. Three 
histologically distinct tumours were present. In the lung multifocal adeno- 
carcinoma shows a great degree of pleomorphism varying in appearance from 
irregular acini lined by high columnar epithelium similar to bronchial epithelium 
to diffusely infiltrating adenoacanthoma (Fig. 1). In the kidney there are multi} le 
foci of anaplastic tumour infiltrating between the convoluted tubules and glomeruli 
and showing some relation to the blood vessels, possibly indicating that it is 1n 
endothelioma (Fig. 2). Some glomeruli are larger and more cellular than average 
and there is a general disorganisation of the renal pattern (Fig. 3). 

No. 3147 (cock).—Found dead. There was an ulcerated tumour affecting the 
hard and soft palate on the right side of the buccal cavity and at the angle of the 
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jaw. The ulcer was covered by a heavy slough. No foreign body was present 
in ‘he ulcer or underlying tissues. 

Halfway along the oesophagus between the buccal ulcer and the crop, a small 
pecunculated translucent polyp 3 mm. in diameter projected from the posterior 
wail. The rest of the alimentary canal was examined but presented no abnor- 
mi lity. 

The right adrenal and upper part of the right kidney were replaced by yellowish- 
wh te tumour. The left kidney showed no gross abnormality. The testes were 
smill—l em. by 0-5 cm. Other viscera appeared normal. 

Histologically the tumour in the mouth is an anaplastic epidermoid carcinoma 
(Fig. 4). The kidney tumour is also largely anaplastic but shows small clumps of 
eplermoid cells with amorphous eosinophil inclusions in a few cells, probably 
coniposed of keratin. Tributaries of the renal vein are filled with anaplastic 
tunour cells (Fig. 5). The oesophageal tumour is a squamous papilloma with 
possibly early squamous carcinoma developing from it. A second smaller tumour, 
1 nm. in diameter, in the oesophagus may be an implant from the buccal tumour. 

No. 3142 (cock).—Killed because left leg was paralysed. A chronic ulcer with 
thickened edges and sloughing centre was present in the crop; otherwise no 
lesions were found in the alimentary canal. Both kidneys were very mottled 
with white spots and small retention cysts; the left kidney also contained a 
firm white tumour pressing on the sacral plexus (cause of paralysis). The testes 
were small, 2 cm. greatest diameter. A depressed area of the liver was kept for 
histological study. 

The kidney tumour is a fibrosing adenoma with areas of adenocarcinoma 
composed of acini with high columnar epithelium surrounded by dense collagenous 
fibrosis (Fig. 6). The liver presents the appearance of cholangiofibrosis with 
endarteritis of the arteries supplying the affected tissue (Fig. 7). The neighbouring 
liver is normal in appearance. 

No. 3148 (cock).—Killed. Left foot swollen and general health rapidly 
deteriorating shortly before death. Alimentary canal presented no lesions. 
The liver contained a large pale tumour about 2-8 cm. in diameter, in the left lobe 
(Fig. 8). A large tumour replaced the lower medial part of the left lung. The 
kidneys were granular and covered with multiple retention cysts and mottled 
with pale areas (Fig. 9). 

The liver tumour is peculiar and difficult to classify. It is partly composed 
of small polyhedral cells with variable amount of cytoplasm containing large 
eosinophil granules and basophil nucleus replacing the parenchyma of the liver 
without greatly distorting the blood vessels. In places similar cells infiltrate 
sinusoids giving an appearance of leukaemia (but no such cells are present in the 
vessels of other organs); the bulk of the tumour however is composed of liver 
parenchymal cells arranged in rather irregular trabeculae and without the normal 
arrengement of bile ducts in the periportal areas. Surrounding the mass is a 
dense, well-formed fibrous capsule. The lesion is thought to be nodular hyper- 
pla:'a rather than neoplastic. 

“he lung tumours show a variety of histological types, some adenomatous with 
larg columnar cells many secreting mucus (Fig. 10); in other areas anaplastic 
adenocarcinoma and intermediate types of tumour are present. 

.Vo. 3140 (cock).—Killed because of an abscess of the left foot which had been 
trea‘ed locally with sulphonamide powder for 2 weeks and had partly healed. 
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The alimentary canal showed no gross abnormality apart from a submucous 
haemorrhage in the gizzard. The kidneys presented numerous white areas and 
nodules of different sizes. The liver was congested and cirrhotic. The testes 
were small. 

Histological examination shows multifocal adenoma and adenocarcinoma in 
both kidneys. Some tumours are composed of tall columnar epithelial ceils 
supported by a very delicate stroma with well developed thin-walled blood 
vessels. Other areas show varying degrees of malignancy and anaplasia, (Fig. 1:). 

No. 3154 (cock).—The leg tumour is composed of mucin-secreting columnar 
cell adenocarcinoma arising apparently from bronchial epithelium. In several 
places hyperplastic bronchial epithelium merges imperceptibly into adenomatous 
and carcinomatous foci (Fig. 12). There is much fibrosis often surroundiig 
clumps of tumour cells. Carbon deposits are scattered throughout the lung 
and tumour. 

The mucin secretion forms cystic spaces filled with degenerate tumourece'|s 
and some still stain for mucin. The kidneys contain many retention cysts. The 
testis shows active spermatogenesis but there are many bizarre cells in some of 
the seminiferous tubules. 


EXPLANATION OF PLATES. 

Fic. 1.—Cock 3146. Lung. Multifocal carcinoma of bronchi. Columnar cell carcinoma 
and adenoacanthoma are present in the same section. Haematoxylin-eosin. x 170. 

Fie. 2.—Cock 3146. Kidney. Anaplastic tumour infiltrating between tubules from another 
part of the same kidney as in Fig. 3. The tumour cells replace the capillary lining in places. 
Haematoxylin-eosin. x 310. 

Fic. 3.—Cock 3146. Kidney. Cystic dilatation and irregular arrangement of tubules ; vari- 
able size of glomeruli. Haematoxylin-eosin. x 75. 

Fic. 4.—Cock 3147. Mouth. At left of figure ulcerated and secondarily infected epidermoid 
carcinoma is infiltrating submucous tissues around mucous glands (below). At right of 
figure hyperplastic squamous epithelium is seen partly in tangential section. Haematoxylin- 
eosin. xX 95. 

Fic. 5.—Cock 3147. Kidney. Tributaries of the renal vein are filled with anaplastic 


tumour cells showing here and there a suggestion of epidermoid character. Mallory. 
x 95. 

Fic. 6.—Cock 3142. Kidney. Sclerosing adenocarcinoma of kidney. Haematoxylin-eosin. 
x 115 


Fic. 7.—Cock 3142. Liver. Cholangiofibrosis. Haematoxylin-eosin. x 100. 

Fie. 8.—Cock 3148. Left lobe of liver showing a large roughly spherical tumour. The 
tumour infiltrates the surrounding liver and there i is no capsule. x l. 

Fic. 9.—Cock 3148. Macroscopic appearance. There is a large pale tumour in the lower 
medial part of the left lung. The testes are about half the normal size. The kidneys are 
diffusely involved in cystic and hyperplastic — Despite the appearance, no evidence 
of malignancy was found in either kidney. x 1. 

Fic. 10.—Well-differentiated columnar-celled adenocarcinoma from the lung tumour in fowl 
3148. Haematoxylin-eosin. x 100. 

Fic. 11—Cock 3140. Kidney. Portion of infiltrating adenocarcinoma showing delicate 
collagenous supporting stroma. Van Gieson. x 115. 

Fie. 12.—Cock 3154. Lung. Columnar-celled adenocarcinoma arising from bronchia! 
epithelium. Well differentiated columnar cells and more anaplastic cells are present in the 
same field. Haematoxylin-eosin. x 95. 

Fie. 13.—Cock 3151. Kidney. Anaplastic tumour pany derived from renal tubules 
invading renal venules. Haematoxylin-eosin. x 360 

Fie. 14.--Cock 3151. Liver. Anaplastic tumour aoueiien from portal vein into smal! 

branch (top left), and in sinusoid (top right). Haematoxylin-eosin. x 250. 
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No. 3151 (cock).—The kidney shows extensive invasion by anaplastic adeno- 
carcinoma apparently arising in the epithelium of the convoluted tubules. 
‘nvasion of veins is frequently seen (Fig. 13). The liver is secondarily invaded 
vy similar anaplastic carcinoma, portal veins and sinusoids are frequently filled 
‘vith solid plugs of tumour cells from which diffuse infiltration of the parenchyma 
can be traced (Fig. 14). 


Experiments with other Carcinogens. 


9 : 10-Dimethyl-1 : 2-benzanthracene and 3 : 4: 5 : 6-dibenzcarbazole.—In a pre- 
. ious paper (Peacock and Peacock, 1949) we described unsuccessful attempts to in- 
duceepithelial tumours in fowls with chemical carcinogens bya variety of techniques. 
One procedure adopted was to paint the skin repeatedly with 1 per cent solution 
of 9: 10-dimethyl-1 : 2-benzanthracene in acetone or benzene and to implant a 
pellet of 25 mg. of 3: 4:5: 6-dibenzcarbazole into one preening gland. One 
bird, No. 710, survived from this experiment for 5 years and was killed because 
it was seen to have difficulty in eating. An ulcerated tumour was present in the 
roof of the mouth involving the hard and soft palate and depressing the tongue 
when the beak was closed. No metastases or local spread of tumour were observed 
post mortem. 

The histogenesis of this tumour was uncertain as it was very anaplastic and 
was secondarily infected. It was tentatively classified as an epidermoid carcinoma. 

Unsuccessful attempts were made to transmit the tumour by injecting cell 
suspensions into 4 birds and cell-free material into 4 other birds. 

Methylcholanthrene.—The only other bird in which a chemically-induced 
tumour, possibly of epithelial origin, has been encountered in our experience was 
White Leghorn cock No. 3412. This bird had repeated injections of a 0-5 per 
cent solution of methylcholanthrene (MC) in arachis oil into the wall of the crop 
with a total dose of 30 mg. of MC. No. 3412 was killed almost 3 years after the 
first injection. For 3 months past it had had a palpable tumour in the neck and 
this had grown to a mass about 10 cm. in diameter when the bird was killed. A 
biopsy taken when the tumour was first noted showed a solid cellular tumour with 
little differentiation and with a delicate stroma with little or no intercellular 
substance. The tumour was considered to be an anaplastic carcinoma. Cell 
suspensions from biopsy material were injected into 12 birds with negative 
results. Material taken post-mortem showed a fleshy, spindle-celled tumour 
very similar histologically to the chemically-induced sarcomata that are the 
usual response in fowls to injections of carcinogenic hydrocarbons. Grafts of 
fresh tumour tissue were made into 13 birds with negative results. These 2 
tumours contrast with those induced with 2-AAF in which the diagnosis of 
carcinoma was in no doubt. 

N : N-dimethylaminostilbene (DMAS).—As this substance has been shown 
by Haddow and his co-workers to be a versatile carcinogen for rats it was thought 
that it might also prove an epitheliotropic carcinogen for the fowl. 

Thirteen White Leghorn cocks aged about 5 months were injected periodically 
into the pectoral muscles with 0-4 per cent solution of DMAS in arachis oil with 
a total dose of from 0-5 g. to 0-8 g. These birds died or were killed between 78 
aid 208 weeks from the start of the experiment but no tumours were observed 
in any organ. The results are summarised in Table IT. 
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II. 


Total weight of Time between first 
White Leghorn Numberof  aminostilbene injection and death 


inoculations (g.). (weeks). 

3164 16 0-552 78 
3156 16 0-552 m 84 
3163 22 0- 

3159 . 22 0- 

3168 22 0- 

3165 ‘ 22 0- 

3162 ‘ 28 0- 

3167 28 0- 

3158 3 28 0- 

3155 a 28 0- 

3160 28 0- 

3157 30 0- 

3161 0- 


Birds were about 5 months old when experiment commenced. 


Transmission Experiments. 

Attempts were made to transmit 4 of the tumours induced with 2-AAF and 
1 tumour induced by MC injection into the crop wall and 1 tumour of the palate 
possibly induced by 3: 4: 5: 6-dibenzcarbazole. So far no positive results have 
been obtained though some of the inoculated birds are alive up to 2 years after 
inoculation. These experiments are summarised in Table IIT. 


TaBLeE III.—Attempts to Transmit Chemically-induced Tumours. 


Source Number 

of tumour of birds 
(bird number). Inoculum. Site of inoculation. - inoculated. 
Cock 3153* Wes. of cystic kidney * ‘ Intrapectoral 5 

» 3147 es. of kidney tumour ° 8 

. ae es. of kidney tumour . Intrapectoral and intraperitoneal . 2 

— oe es. of kidney tumour . Intracutaneous (wattle) and 5 

intraperitoneal 

Whole blood. Intraperitoneal 3 

~o aaee « es. of kidney tumour . Intrapectoral and intraperitoneal . 5 

» 2161 i es. of kidney tumour ‘ Intracerebral 1 

o wl ces. of liver metastasis of . Intrapectoral and intraperitoneal . 2 

kidney tumour 
» 3161 Ditto Intracerebral 1 
o wee . ces. of biopsy of crop tumour . Intrapectoral and subcutaneous . 4 
(comb) 
» 3412  . @)Paper chromatogram of crop . Intrapectoral and subcutaneous . 5 
tumour (comb) 

. es. of crop tumour Intrapectoral 9 

» 3412 6 es. of crop tumour ; Intraperitoneal 4 

» S413. Scrappings of crop tumour ° Intrapectoral 2 
Hen 710 e es. of palate tumour ° Intrapectoral 4 

» 710 . paper chromatogram of palate . Intrapectoral 4 

(2) es, = cell suspension (1 g. of tumour tissue homogenised and suspended in 20 ml. of 0-9 per 

cent saline). 


(2) Ascending chromatogram prepared by dipping strip of No. 40 Whatman paper in cell suspension 
of tumour (1: 20 in saline). Sections of paper 1 cm. sq. from levels 2-6 cm. above fluid level were 
inoculated. 

° ae to transmit tumours were made before clinically diagnosed tumours could be confirm :d 
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Control Observations. 

Owing to the long duration of the foregoing experiments, it has not been found 
possible to accommodate untreated birds for comparable periods. However, 
ia other experiments such as inoculations with cell-free extracts which failed to 
iaduce tumours or with non-carcinogenic substances, there were 23 survivors after 
» years, 9 after 3 years, and 6 after 4 years, all of which died without tumours. 
“here were also 24 untreated birds which survived for 2 years and in which no 
tumours were found post-mortem. 


DISCUSSION. 

In rodents 2-AAF is known to be carcinogenic for many epithelial tissues and 
to act on susceptible tissues remote from the site of application. The present 
experiment shows that 2-AAF is similarly active against a variety of epithelial 
tissues in the fowl and confirms the earlier report by Bielschowsky and Green 
(1945) that it is carcinogenic for the kidney of this species. 

In contrast with 2-AAF, N : N-dimethylaminostilbene, which is also a versatile 
carcinogen for rats (Haddow and Kon, 1947), caused no tumours in fowls in our 
experiments. 

Thus it seems that the epithelial tissues of the fowl are much more resistant 
to the action of many carcinogenic hydrocarbons than are those of rodents. 
However, monkeys also seem to be relatively resistant to the action of carcinogenic 
hydrocarbons (Pfeiffer and Allen, 1948), and it may be that we should rather 
regard the small rodents as being unusually susceptible to these agents. 

It is unfortunate that all attempts to transmit the 2-AAF induced carcinomata 
have failed so far. Some of the grafted birds survive, however, and it is hoped to 
pursue this line of work until transplantable epithelial tumours are obtained. 
Indeed, the main purpose of these experiments has been to obtain such trans- 
missible carcinomata, which would be of great value in considering the aetiology 
of fowl tumours in general. 

As mentioned above, the different response in fowls and some mammals on 
the one hand and in small rodents on the other makes it impossible to classify 
chemical substances in order of carcinogenicity unless the species of animal, 
the solvent used and the technique of application are specified. 


SUMMARY. 

Out of 12 White Leghorn cocks repeatedly injected with 25 mg. of 2-AAF in 
aqueous alcoholic suspension (total dose = from 1-2 to 3-1 g.) 7 birds developed 
epithelial tumours. 

In 3 of these birds multiple primary tumours were present. 

Unsuccessful inoculations were made of 3 adenocarcinomata of kidney and of 
a liver metastasis from one of these, and of a squamous carcinoma of the crop. 
Inoculation of whole blood from a bird with primary lung carcinoma and of cell- 
frve extracts prepared by paper chromatography of homogenised squamous 
carcinoma of palate were also unsuccessful. 

Mainly unsuccessful experiments with other carcinogens are described. 
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CHROMOPHILIC tumours of the pituitary are more frequent in the rat thar 
in man. They occur ‘spontaneously’ or can be induced by experimenta! 
interference with the mechanisms which govern the interrelationship between 
hypophysis and its target organs. Thus chronic thyroxine deficiency can lea 
to the formation of basophilic adenomata and the morphological signs of hyperoes- 
trinism are found often in conjunction with acidophilic adenomata. 

When the normal level of oestrogen in the body of the female rat is raised for 
prolonged periods, vagina, uterus and mammary glands undergo a series of 
changes one of which is cystic hyperplasia of the breast. To what degree the 
growth of the mammary ducts and the great secretory activity of the epithelium, 
seen under this condition, is due to a direct action of the ovarian hormone, to a 
pituitary factor, or both, is still a matter of some dispute (Desclin, 1952; Folley, 
1952; Nelson, 1952). Pronounced secretory activity, however, has been found 
in ovariectomised animals, first, as already reported (Bielschowsky and Hall, 
1951), in spayed rats joined in parabiosis to intact females and more recently 
in an old castrated female with a large pituitary tumour. In addition a similar 
syndrome has been observed in some animals treated with small amounts of 
stilboestrol. 

This paper gives a description of three acidophilic adenomata and tries to 
interpret the pathology of the breast as the sequel to an increased prolactin 
secretion by these tumours. 


MATERIAL AND METHODS, 


Three females of the Wistar strain were chosen for presentation because an 
analysis of the functional activity of their pituitary tumours appeared feasible 
in each instance. Experimental details and other pertinent data will be furnished 
together with the post mortem findings. For the staining of the adenohypo- 
physis the same methods were used as described in a recent paper (Beilschowsky, 
1953). 

RESULTS. 

Rat 1. The animal was 20} months old when it was sacrificed because of 
loss of weight (324-295 g.). This female had produced 4 litters and was ovariect0- 
mised at the age of 15 months, 4 weeks after the last litter had been weaned. 
At post mortem the pituitary was found to be enlarged (69-4 mg.), of irregular 
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shape and of brownish red colour. Growth had taken place mainly in direction 
of the cerebellum with which the tumour was in close contact without invading 
it. No ovarian rests were found. Uterus (125 mg.) and vagina were atrophic, 
jut the breast glands appeared grossly hyperplastic at naked-eye inspection and 
-ontained numerous cysts filled with a milky fluid. The kidneys had a granulated 
- irface and the adrenals were of a slightly darker colour than normally. Large 
it deposits were present in subcutaneous and retroperitoneal tissues, as well as 
ii the abdomen. All other organs appeared normal. 

Histologically little non-neoplastic pituitary tissue was found, situated mainly 
}car the pituitary cleft. Here the typical castration changes were evident 
(ig. 1). The rest of the gland consisted of a neoplasm formed predominantly 
ly relatively small cells of approximately the size of a normal chromophobe. 
‘\he majority of these elements appeared to be free of chromophilic granula, 
lit among them larger granulated cells (Fig. 2) were found in varying numbers. 
‘| :ey stained like acidophils and did not react with the PAS or Gomori’s aldehyde 
reagent. Most of them had a large Golgi apparatus, which was also noticeable 
in many cells without granula. Large sinuses filled with red blood corpuscles, 
sinall haemorrhagic areas and haemosiderin containing macrophages were fre- 
quently found, Mitoses were extremely rare. 

The vagina was lined by one or two layers of low cuboid cells (Fig. 3). The 
cavity of the uterus was bordered by cuboid epithelium and the width of the 
mucosa as well as of the muscular layers was greatly reduced. The breast showed 
the picture of a stimulated gland. Many ducts with numerous sidebuds were 
present besides groups of alveoli (Fig. 4). They were frequently dilated and 
their lumen filled with eosinophilic material. The glandular epithelium often 
contained large droplets, evidence of secretory activity (Fig. 5). 

Apart from the pituitary tumour the most striking feature was the difference 
in the state of the secondary sex organs. Vagina and uterus showed the typical 
castration atrophy, whereas the mammary glands were not only as well developed 
as in an intact animal but also secreting. 

Rats 2/3. The pair were joined in parabiosis at the age of 6 weeks. One of 
the partners was ovariectomised 11 days previously and the uterus of the other 
was amputated on the same day. The junction remained in excellent condition 
during the lifespan of the animals. They were of approximately the same weight, 
182 and 188 g. respectively, when killed after 10 months of parabiosis. Vaginal 
smears taken from the spayed female indicated persistent anoestrous, whereas 
those of the intact littermate showed the picture of continuous oestrous. At 
the post mortem the pituitary of the intact parabiont (Rat 2) was found to be 
considerably enlarged (139-3 mg). Nodular structures protruded above the 
surface which showed haemorrhagic discoloration. The ovaries were large and 
cystic, of a yellowish colour and apparently free of corpora lutea. There was 
fluid between the capsule and the ovarian tissue. After removal of the capsule 
the combined weight of the ovaries was 299 mg. The stumps of the uterine 
horns were transformed into cystic structures and filled with purulent material. 
The wall of the vagina was thickened. The breast glands were remarkably 
hy erplastic and contained large milk cysts. 

In sections of the pituitary normal anterior lobe tissue was not recognisable 
an | the presence of basophilic cells could not be demonstrated by any method. 
The cleft separating intermediate and anterior lobes was enlarged and filled with 
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colloid. Most of the tumour appeared healthy, only in central areas degenerative 
changes were seen. Here the cells had a pale highly vacuolated cytoplasm an 
frequently pyknotic nuclei. The great majority of the tumour cells appeared 
to be larger than normal chromophobes or acidophils and most of them had a 
very prominent Golgi apparatus the negative image of which was already recognis- 
able at low power. The number of cells showing acidophilic granulation varie: 
from section to section ; they predominated in some areas and were rare in others. 
They were larger and had a still more hypertrophic Golgi apparatus than the non- 
granulated elements surrounding them (Fig. 6). The frequency of mitoses varie:! 
in different parts of the tumour, but rarely more than two were seen in one fiel:/ 
at low magnification. Blood-filled sinuses and areas of haemorrhage were presen 
in all sections and so were strands of dense connective tissue, originating fron: 
the capsule or from larger blood vessels. The ovary showed the typical picture 
of prolonged stimulation by FSH. Large cystic follicles surrounded by a hyper- 
plastic theca were prominent, and there was not the slightest evidence of 
luteinisation of follicles or stroma. The vagina was lined by layers of stratified, 
squamous, keratinising epithelium. The outstanding feature of the greatly 
hyperplastic mammary glands were cysts filled with eosinophilic material whic): 
apparently exercised pressure on the lining epithelium, flattening it. Smaller 
cysts were surrounded by cuboid epithelium containing secretion droplets. The 
pituitary of the spayed partner (Rat 3) was of normal shape and colour (8 mg.). 
Uterus and vagina showed the signs of advanced atrophy, whereas the breast 
glands showed similar though less pronounced changes as seen in the intact 
partner. 

Histologically the pituitary of the spayed partner showed the typical picture 
of chronic oestrogen deficiency. Numerous signet-ring cells as well as other 
forms of gonadotrophs were abundant in all parts of the anterior lobe. The 
acidophils were well granulated and of normal size, and, like the chromophobes, 
appeared to be reduced in numbers. A picture of the atrophic uterus as well 
as of a stimulated mammary gland has already been published in a previous 
communication to which the reader is referred (Fig. 21 and 22, Bielschowsky 
and Hall, 1951). The histological examination of the breast confirmed that the 
changes seen at autopsy were of a similar kind in both partners as far as their 
secretory activity was concerned. 

To recapitulate, a remarkable secretory activity was found in the breast of 
the ovariectomised parabiont, the uterus and vagina of which showed the typical 
castration atrophy. In this case the stimulus responsible for “lactation ”’ is 
assumed to have come from the intact partner. Ocstrogenic stimulation can be 
excluded because of the state of pituitary, vagina and uterus of the spayed animal. 
At the time this observation was published we were unable to explain why such 
changes in the breast were seen only occasionally in spayed animals joined in 
parabiosis to an intact female. Revision of the material has shown that theve 
exists a good parallelism between the presence of a pituitary tumour in the intact 
partner and stimulation of the breast of the ovariectomised parabiont. The 
drawing (Fig. 7, adapted from Gardner, 1953) illustrates the endocrine relation- 
ships which in the author’s opinion are the cause of this phenomenon; the numbe’'s 
indicate the sequence of events. 

Rat 4. At the age of 2 months a pellet of 10 mg. consisting of 97-5 per cent 
cholesterol and 2-5 per cent stilboestrol was implanted into the right flank of tl is 
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female. A fortnight later vaginal smears revealed the presence of cornified 
cclls which remained the predominant cell type for 13 months. Unfortunately 
no smears were taken during the following 3 months, but during the week preced- 
irg death the vaginal smears were those of anoestrous. The rat was sacrificed 
b- cause its weight had declined from 268 to 242 g. At autopsy a large pituitary 
t:mour (198 mg.) was found which compressed, but had not invaded the brain. 
Tne third as well as the lateral ventricles were enlarged, the internal hydro- 
cephalus probably being due to pressure exerted by the tumour on the base of 
tle brain. Brownish and white areas alternated in the nodular pituitary. The 
ovaries were of yellowish colour, small (combined weight 53 mg.) and apparently 
free of corpora lutea. The uterus was of normal size (662 mg.), the breast glands 


Fic. 7.—Diagram illustrating the endocrine situation in parabiotic Rats 2/3. a = intact partner. 
B = spayed partner. 1= FSH. 2 = oestrogen. 3 = prolactin. 


were remarkably hyperplastic and contained a fair number of milk cysts. All 
other organs appeared normal except the lungs which contained small areas of 
consolidation. 

Histological investigation showed that little non-neoplastic tissue remained 
in the pituitary. This consisted of chromophobes and acidophils of fairly normal 
appearance, but the presence of basophils could not be demonstrated in the com- 
pressed rim of normal anterior lobe. The tumour itself consisted of atypical 
large acidophils which in some regions were nearly as numerous as non-granulated 
cells, whereas in others the latter predominated. Bizarre cells with giant nuclei 
were @ common occurrence and one or more mitoses could be found in nearly all 
fields. Of the 3 pituitary tumours presented this neoplasm showed the greatest 
variation in its cellular elements (Fig. 8). In some sections, nerve fibres probably 
belonging to the 5th nerve were found completely surrounded by tumour cells. 
In all other respects especially in vascularity, the tumour resembled those described 
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above. The absence of luteinised tissue in the ovaries was confirmed histologic- 
ally (Fig. 9). The glands contained follicles in various stages of development 
with healthy appearing ova. Groups of pale vacuolated cells, separated by 
strands of spindle-shaped elements predominated in the stroma. In frozen 
section the pale cells were found tq contain ample sudanophilic material. The 
uterus still showed some of the signs of oestrogenic stimulation. The mucos. 
was rather fibrotic and there were only a few glands present. The epitheli:| 
cells lining the uterine cavity were cylindrical or high cuboid, frequently wedgv- 
shaped with hyperchromatic, dense nuclei and little cytoplasm. The vagini 
was lined by a narrow layer of squamous non-keratinising epithelium which ix 
some areas was covered by mucified cells (Fig. 10). They stained deep red in 
PAS preparations. The mammary glands consisted of cystic dilated ducts wit) 
many sidebuds, often surrounded by coarse collagen fibres. The epitheliwa 
showed all the signs of secretory activity (Fig. 11). 

Mucification of the vagina in absence of corpora lutea has been observed with 
doses of oestrogen } to } below the minimal amounts necessary to induce oestrous 
(Robson and Wiesner, 1931). Since no corpora lutea were present in the ovaries, 
the histology of the vagina together with the vaginal smears indicate a very low 
oestrogen level in this animal. Whether these traces of oestrogen came still 
from the pellet or were secreted by the ovaries is not known. This rat was 
chosen out of 20 females treated in a similar manner because of the contrast 
between the greatly stimulated mammary glands and the minimum of stimula- 
tion of the vagina and the presence of a large pituitary tumour. 


DISCUSSION, 


Like previous investigators the writer has been intrigued by the large Golgi 
apparatus and other morphological signs indicating secretory activity in many 
spontaneous or oestrogen-induced pituitary tumours. The particular circum- 
stances prevailing in the 3 cases described make it possible to venture an opinion 
as to the function of their cells. Of the target organs of the adenohypophysis 
only the breast glands were found to be stimulated and of the known pituitary 
hormones only prolactin can cause secretion in the breasts of ovariectomised 
adult rats (Desclin, 1952). 

The functional activity of the pituitary tumours of the rat is at variance 
with that of the acidophilic adenomata of human pathology. They secrete 
growth hormone whereas in rodents, gigantism has not been observed in con- 
junction with neoplastic changes in the adenohypophysis. What are the reasons 
for this discrepancy? The cytology of the normal gland provides a possible 
explanation. Two types of acidophils can be easily distinguished in the pitui- 
taries of several species as for instance the rabbit (Friedgood and Dawson, 193%). 
Here cells with a strong affinity for carmine are found besides others which do 
not retain this dye. The former increase in numbers after coitus, towards the 
end of pregnancy and during the first days of lactation. In man, Romeis (19+0) 
demonstrated the presence of one type of acidophils staining red, and of a second 
staining yellow in azan preparations, his « and € cells. In addition he recognised 
a third variety of acidophils, the 9 or pregnancy cells of Erdheim, In the rat 
the histological methods with which the writer is familiar unfortunately do not 
allow differential staining of two types of acidophils. The Papanicolaou-Green 
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technique is an excellent procedure for the demonstration of acidophilic granula, 
even in poorly granulated cells, but all acidophils stain the same colour. General 
egreement has been reached as to the source of growth and of lactogenic hormones, 
both being secreted by acidophils (Pearse, 1952). If two types of normal 
«vidophils exist and each is concerned with the production of one specific hormone 
ten there is no difficulty in accepting the existence of two types of acidophilic 
tumours. .Why in man the growth hormone producing cells undergo neoplastic 
 sanges and in rodents the prolactin secreting acidophils, I am unable to explain. 

The interrelation between pituitary tumours and secretory activity of the 
mammary glands has been studied by Lacour (1950) in the rat. In a series of 
27 oestrogen induced adenomata she found in 23 granulated as well as “ chromo- 
paobie ” cells with a hypertrophic Golgi apparatus. Whenever the granulated 
eieoments were present, the breast had the aspect of a “lactating” gland. She 
uced Romeis’ Kresazan technique which stained the granulated tumour cells 
orange. According to Lacour a few cells, having the same tinctorial qualities 
occur in the pituitary of the normal female rat. They become more numerous 
early in pregnancy and increase considerably in numbers 3 days ante partum. 
From this date onwards until weaning these orangeophil acidophils outnumber 
the other type. The close correlation between the presence of orangeophilic 
cells in the normal and tumourous pituitary and lactation changes in the breast 
suggested to Lacour that these elements were the source of prolactin. 

The literature on experimental and spontaneous pituitary adenomata in 
rodents has been recently reviewed by Horning (1952) and by Gardner (1953). 
In contrast to the opinion of the writer, Gardner considers the oestrogen induced 
pituitary tumours as chromophobic adenomata, a view still shared by most 
authorities. Admittedly, degranulated elements are more numerous in many 
of these tumours than granulated forms, but can one classify all cells without 
granula as chromophobes? The difficulty lies in the morphological resemblance 
of degranulated acidophils to chromophobes. The oestrogen induced pituitary 
growths with functional activity cannot be chromophobic tumours because the 
acidophils and not the chromophobes are the source of lactogenic hormone. 
Another point of controversy is the nature of these pituitary growths. They are 
considered by some authors to be true neoplasms and conditioned growths by 
others, because they have been seen to regress when stimulation ceased (Nelson, 
1944). The “‘ spontaneous ”’ tumour described in this paper did not differ histo- 
logically or functionally from the two oestrogen induced growths. This adenoma 
certainly was not dependant on oestrogen since it showed no sign of regression 
5} months after ovariectomy. On the other hand regression of stilboestrol 


induced pituitary growths after removal of implanted pellets has been observed 
in this laboratory. 


SUMMARY. 


Three acidophilic pituitary tumours are described. One occurred in an 
ovariectomised rat, the second in an intact female joined in parabiosis to a spayed 
partner and the third in a female treated with stilboestrol, in which, however, 
the histology of the vagina indicated a very low oestrogen level at the end of the 
experiment, 


fhe pituitary growths were found in animals having secreting mammary 
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glands and in the case of the parabiotic pair, the breast of the spayed partner was 
also secreting. 

The factor responsible for the stimulation of the breast in these oestrogen - 
deficient animals is believed to be prolactin secreted by the pituitary tumours. 


REFERENCES. 


Bretscuowsky, F.—(1953) Brit. J. Cancer, 7, 203. 

Idem anv W. H.— (1951) Jbid., 5, 331. 

Desciin, L.—(1952) Ciba Foundation Colloquia on Endocrinology, 4, 395. 

8. J.—(1952) Ibid. 4, 381. 

Friepcoop, H. B., anp Dawson, A. B.—(1938) Endocrinology, 22, 674. 

GaRDNER, W. U.—(1953) Advances in Cancer Research, 1 173. 

Hornine, E. 8.—(1952) Chapter 4, Burrows, H., and Horning, E. S., ‘ Oestrogens 
and Neoplasia.’ Oxford (Blackwell). 

Lacour, F.—(1950) C.R. Soc. Biol., Paris, 144, 248. 

Netson, W. O.—(1944) Yale J. Biol. Med., 17, 217.—(1952) Ciba Foundation Colloquia 
on Endocrinology, 4, 402. 

Pearse, A. G. E.—(1952) Ibid. 4, 1. 

Rosson, J. M., anp Wiesner, B. P.—(1931) Quart. J. exp. Physiol., 21, 217. 

Romets, B.—(1940) ‘ Handbuch der Mikroskopischen Anatomie des Menschen,’ Vol. 6, 

part 3. Berlin (Springer). 


EXPLANATION OF PLATES. 


Fic. 1.—Showing non-tumourous area with typical castration cells in the pituitary of Rat 1. 
PAS. x 400. 

Fic. 2.—Area of pituitary tumour (Rat 1). A large, coarsely granulated acidophil in the centre. 
Note: Large Golgi apparatus in non-granulated cells. (Papanicolaou.) x 700. 

Fic. 3.—Atrophic vagina (Rat 1). H. & E. x 85. 

Fic. 4.—Section of mammary gland (Rat 1) having many ducts with multiple sidebuds. 
H.& E. x 30. 

Fic. 5.—Detail of Fig. 4 showing the secretory activity of the glandular epithelium. H. & E. 

85 


x 

Fic. 6.—Area of pituitary tumour (Rat 2). Three large acidophils with hypertrophic Golgi 
apparatus are seen in the centre surrounded by degranulated cells having a similar Golgi 
apparatus. (Papanicolaou.) x 400. 

Fic. 8.—Area of pituitary tumour (Rat 4) with a dividing - in the centre and atypical 

ulated and non-granulated cells. (Papanicolaou.) x 450. 

Fic. 9.—Ovary (Rat 4.) H. & E. x 35. 

Fic. 10.—Vagina (Rat 4.) H. & E. x 100. 

Fie. 11.—Cystic hyperplasia of mammary gland (Rat 4.) H. & E. x 100. 
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THE mammae of about 40 per cent of RIIIb breeders over 11 months old 
were found to contain adenomas, adenoacanthomas, squamous-celled prolifera- 
tions and foci of keratinised squamous epitheliosis similar to the hyperplastic 
nodules which have been described in outbred stock mice and in pure line 
strains both free of and infected with milk factor (reviewed by Huseby and Bittner, 
1946). The purely acinar foci found in RIIIb females were shown to persist 
in the absence of milk factor in this cross-suckled substrain and in the absence of 
ovarian hormone. They were referred to as benign adenomas rather than 
nodular hyperplasias on account of their eventual independence of ovarian 
hormone. In addition some small invasive tumours were found by microscopic 
examination that appeared to represent intermediate stages in progression from 
benign to malignant growth (Pullinger, 1952). Mitoses were found in both 
types of growth with the exception of the keratinised foci. All the morpho- 
logical varieties persisted after ovariectomy in old animals. 

In order to test the capacity of the benign growths for progression to malig- 
nancy, transplantation of as many as could be found in the fresh state was 
attempted. Grafts were transferred to young unmated females and to others 
of the same strain breeding rapidly. By this means the benign growths were 
given a longer life and increased hormonal stimulus. None of the grafted benign 
growths was promoted to malignant tumours. 


METHODS. 


Breeding females (referred to below as donors) were segregated at about 16 
months old to allow mammary involution to occur. At 20 months old they 
were killed with ether and dissected immediately under conditions kept as sterile 
as possible. The fur was wiped with absolute alcohol and nipple areas, one at 
a time, were cut out with skin attached using sterile tools. Each nipple area 
was then pinned with sterile hedgehog quills on to a piece of cork previously 
soa ced in absolute alcohol and then dried. The nipple area on cork was searched 
uncer a glass cover using a dissecting microscope magnifying 7 and 14 times and 
wit sterile forceps for the presence of benign tumours. (These are seldom 
visible to the naked eye unless stained.) All adjacent surfaces of dissecting 
microscope and glass cover were thoroughly wiped with absolute alcohol. In 
the event no trouble arose from sepsis. The minute benign growths proved 
easier to find than had been expected but some were missed because they were 
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hidden by fat. Precise identification of the different types could not be achieved 
but those containing keratin were more opaque against the translucent fat while 
purely acinar proliferations appeared more delicate and transparent. As ea h 
benign growth was found it was cut out with fine scissors and placed in a sterile 
embryo dish with a drop of sterile water on the inside of the cover glass to provide 
a moist atmosphere. When search was complete in each nipple area the growtlis 
found in it were grafted. The next nipple area was then excised and similar'y 
treated. Grafting was done either under anaesthesia through an incision or ly 
injection with needle and trocar into subcutaneous tissue or peritoneal cavity. 
The inoculated hosts were unmated females about 2 months old or breeding 
females that had already borne one litter. All were of the same strain bred by 
brother and sister matings. Ten subcutaneous and twelve intraperitoneal graf's 
were made from 15 donors into 15 young unmated females. They were le‘t 
in the latter from 12-18 months, with 15 as the average. Fourteen subcutaneoiis 
grafts of benign growths minced with scissors were made from 8 donors into 9 
rapidly breeding females. The average number of litters after grafting was 6 
and the average increase in “life” of the grafts was 10 months (from 9-17). 
Since early invasive growths are as rare in this strain as are frankly malignant 
growths it is likely that none was included in the grafting. 


RESULTS. 


None of the 36 grafts grew. The 22 implanted in unmated females were 
sought for post-mortem. Eight were found. One of these was sectioned and 
recognisable mammary acini and ducts found 14 months after grafting. 


CONCLUSIONS. 


Benign adenomas, adenoacanthomas, and squamous-celled proliferations 
which are able to persist in the absence of ovarian hormones, had limited capacity 
for growth even though the opportunity to progress was provided by prolongation 
of favourable hormonal conditions in new young hosts. Keratinised squamous 
epithelioses probably persist in virtue of their insolubility and may fail to grow 
because no longer viable. In respect of limited growth, agent-free benign growths 
differ from those infected with milk factor. 


SUMMARY. 


1. Thirty-six benign spontaneous mammary growths were grafted into 24 
young unmated or breeding females of the same strain free of milk factor. 


2. None of the grafts progressed to malignant growth. 
Note.—The standardised nomenclature of the RIIIb strain is RITIfB/Pu. 
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Tuis is the first of a series of reports on an experiment suggested by the work 
of Strong (1940, 1945). Strong hybridised three strains of mice, and after 3 
inbred generations he injected subcutaneously | mg. methylcholanthrene in 0-1 
c.c. sesame oil into a large number of young mice and their inbred descendants. 
From F, to F, all mice were injected ; from F, to F,, injections were continued 
but there was selection towards resistance to tumours at the site of injection ; 
five sublines were then split off and the mice injected for a further 4 generations, 
after which one group was set aside and bred from without further treatment. 

The experiment to be reported here differs in several respects from that of 
Strong (1940, 1945). Towards the end of 1945 two inbred strains of mice, the 
NBT (Newcastle Bone Tumour) and the CBA (one of the ancestral strains used 
by Strong) were crossed in both directions. Half the mice in each F, litter were 
injected subcutaneously in the right flank at the age of 2 months with 1 mg. 
methylcholanthrene in 0-1 c.c. sesame oil (one injection only); the other half 
were not treated and were bred from (brother-sister matings only) for 12 
generations, all untreated. The untreated reciprocal-hybrid strains were known 
as the CBA/NBT and NBT/CBA strains, or CN and NC for short, the maternal 
strain being given first. 

The injected F, mice were also bred from, their inbred descendants likewise 
being injected and subsequently bred from for a total of 10 generations. From 
the beginning an attempt was made to breed selectively for resistance to local 
tumours, but entirely without success ; offspring of apparently resistant mice 
appeared to be just as susceptible as those of susceptible mice. From F, to F, all 
mice were injected, but from F; onwards litters from mice which early developed 
local tumours were neither injected nor bred from. Finally, as the failure to 
produce resistant lines seemed likely to spoil the purpose of the experiment, 
2 final generations (F,, and F,,) were raised, in which no mice were injected. 
The injected reciprocal hybrids together with their untreated descendants formed 
the M/CBA/NBT and M/NBT/CBA strains, or MCN and MNC for short. All 
nice were fed on “ rat cake ’ compounded to the formula of the Rowett Institute 
by an Aberdeen firm, supplemented with cabbage and carrot, with drinking water 
ad lib. 

The purpose of the experiment was, like Strong’s (1940, 1945), the development 
of lines of mice resistant to tumours at the place of injection, so that the mice 
would live long enough to produce tumours at remote sites. Most of the suscep- 
tible mice developed local tumours before they were 1 year old, by which time 
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comparatively few of the remote neoplasms had appeared. It had been hoped. 
that a line with a high incidence of bone tumours might emerge from the experi- 
ment, since the NBT strain had formerly a very high incidence of bone tumours 
but at the time of the experiment had not produced one for many months ; very 
few bone tumours were seen in the hybrids and these only in the earlier generations. 

A number of mice from each pure parental strain also received methylcholan- 
threne injections, and one generation of untreated animals was raised by brother. 
sister mating of these injected mice. 

The present report deals with the incidence of tumours at the site of injectior 
in the various groups of treated mice. In later communications it is hoped to 
deal with the several types of remote neoplasms which appeared in the strains 
including tumours of the lungs, liver and stomach, mammary carcinomata anc 


leukaemia. 


MATERIAL. 


The inbred strains. 

NBT .—This strain was developed from Simpson Strain 3 by selective inbreed- 
ing from mice which produced bone sarcomata. The origin of the strain has been 
described (Pybus and Miller, 1938) and the various types of bone tumours have 
been described and illustrated (Pybus and Miller, 1940a, 19406). Mice of inbred 
Generations 28 and 29, coming from 1 pair of mice of Generation 22, were used 
as parents of the hybrid strains ; 131 mice (59 females and 72 males) of Generations 
28 to 30 were treated with methylcholanthrene. The injected mice came from 
several lines, some of which had been separate since Generation 18, others since 
Generations 22 and 24. One generation of 81 females and 94 males, all untreated, 
was raised from the treated mice ; 28 pairs, belonging to 9 families, were success- 
fully bred from, a further 17 pairs proving sterile. 

The last bone sarcomata to be seen in this strain were 4 which occurred in F,, ; 
prior to these there were 3 in F,, and 1 in F,,. None appeared in later generations 
bred during the years of the present experiment, up to F,, when the strain died out. 

CBA.—This strain (Miller and Pybus, 1942) has been maintained in this 
laboratory since 1935 and is now in its 48th inbred generation. Mice of Genera- 
tions 25 to 27 were used as parents of the hybrid strains ; 100 mice (51 females 
and 49 males) of Generations 26 to 29 were injected with methylcholanthrene. 
The treated mice came from 5 inbred lines, 4 of which had been separate since the 
beginning, the fifth only since F,,. One untreated generation of 168 females and 
153 males was raised from 34 pairs of treated mice belonging to 9 families; a 


further 9 matings were sterile. 


The hybrid strains. 

Reciprocal crosses were made between the two inbred strains. For the CBA/ 
NBT cross, 11 CBA females from 3 inbred lines, P, Q and R, were used; F,, of 
line P, F,, of line Q, and F,, of line R. These lines had been separate, P from 
F,, and Q and R from F,,;. These females were mated with 10 NBT males from 
the 28th and 29th generations, belonging to 4 sub-lines originating from the same 
F,, parents. Sub-lines A and B + D came from the same F,, pair, while B and 
D had the same F,, ancestors. The NBT contribution to the hybrids was there- 
fore made by mice more closely related than were the CBA parents. 
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To form the CBA/NBT strain the following types of crosses were made : 
} x C, 5 pairs; Q x A, 2 pairs; Q x B, 2 pairs; R x D, 2 pairs. Of these, 
( x A (1 pair), Q x B (1 pair) and P x C (2 pairs) contributed to the 12 control 
( 8BA/NBT generations, with the majority of the mice and the whole of F,, and 
},, coming from Q x A. In the M/CBA/NBT section, mice from P x C (4 
pairs), Q x A (1 pair) and Q x B (1 pair) formed the early generations, but all 
t.e M/CBA/NBT mice of F, to F,, came from one P x C pair and moreover from 
oily one F, pair from that cross. The R x D cross contributed only F, and 
mice. 

For the reciprocal cross, NBT/CBA, the brothers and sisters of those pure 
sirain mice used in the first cross were mated ; 10 NBT females were paired with 
8 CBA males, and there were 4 C x P, 1 D x R, 1 A X Q and 2 B x R pairs. 
Of these, 1 C x P, 1 D x R, 1 A Xx Q and 2 B x R pairs contributed to the 12 
generations of control hybrids, the majority coming from the B x R pairs. 
Apart from a certain number of mice up to F, and F; which came from one 
B x R pair, all the M/NBT/CBA animals came from one C x P pair, and, further, 
from only one F, pair. 

An examination of the pedigrees of the CBA mice shows little variation 
between the 3 lines ; up to the time of the experiment Line Q had produced about 
as many hepatomata as had Line P, while Line R had a higher incidence, but 
there was much fluctuation from generation to generation ; cases of leukaemia 
occurred in all the lines, as did the various other neoplasms mentioned in previous 
communications (Miller and Pybus, 1945). In fact, in the 18 years during which 
the CBA strain has been maintained in this laboratory, there has been no marked 
change in its characteristics other than a reduction in the hepatoma incidence 
which has occurred in all the sub-lines and the cause of which has not been 
discovered, although the earlier average age at death may be partly an explanation. 

In view of the apparent uniformity of the CBA sub-lines, and the close 
relationship of the NBT parents of the hybrids, it is proposed to regard the F, 
hybrids as the progeny of one single (reciprocal) cross, with the reservation that 
any discrepancies in their reaction to the carcinogen may be due to undisclosed 
genetic differences between the sub-lines of the pure strains. Actually the 
methylcholanthrene-treated mice of the reciprocal crosses, arising as they did 
mainly from the same type of mating, were more strictly comparable with one 
another than they were with their respective control mice. 

In the following sections, frequent reference will be made to the “age at 
death ” of tumour mice and it is necessary here to explain the meaning of the 
phrase. In most investigations into the effect of carcinogens on different strains 
of mice or in different doses, it is customary to base comparisons as to resistance 
on the latent period (= the time between treatment and the first appearance of a 
tumour) or on rate of growth of the tumours. This was not so in the present 
work. The purpose of the experiment was not to investigate the occurrence of 
local tumours, but (as already stated) to try to develop strains of mice that would 
be resistant to the local action of the carcinogen and would therefore live long 
enough to produce neoplasms at places remote from the site of injection. All 
mice were therefore allowed to live as long as possible, and those with local 
tumours were killed only when the tumour grew large or showed signs of ulceration. 
There was a certain amount of variation in size of tumours at death, those close to 
the skin or in a position to rub against the box having a tendency to ulcerate 
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sooner, but the size at death of non-ulcerating tumours was remarkably uniform. 
Every individual mouse in the whole experiment was examined weekly. A(t 
first the mice were charted regularly, outline drawings of tumours being made 
when they appeared and their growth followed week by week, but as the numbers 
of injected animals increased this became impossible and tumour sizes at deat!) 
only were charted. It was observed from the initial weekly chartings that ther» 
was great variation in the rate of growth of different tumours, but it cannot be 
stated whether this variation depended to any extent on the sex of the host ; 
it did not appear to do so. A difference between the ages at death of tumour- 
bearing males and females may therefore be due to one, or a combination, of 
several causes : 

1. The males might be more susceptible than the females to the local action 
of the carcinogen ; i.e., tumours might appear after a shorter latent period in 
males, and, even if tumour growth-rate was the same in both sexes, the males 
would be killed at an earlier age. From the early chartings this did not appear 
to be the case. Strong (1950) found that females were consistently more suscep- 
tible than males (i.e., the latent period was shorter in females) in one strain, while 
the reverse was true for another strain. 

2. The males might be more susceptible than the females to tumour growth, 
i.e., tumours, although appearing at the same time in males and females, might 
grow more quickly in males, and the males would be killed at an earlier age. 

3. There might have been a differential killing of tumour mice, males being 
killed with smaller tumours than females. The charts show that this was not 
so. All the killings and all the chartings were done by one person, and no 
difference was made between males and females. 

4. With a very few exceptions in certain generations, many non-tumour 
males died prematurely and usually earlier than non-tumour females (i.e., mean 
age at death was less for males in all cases except M/CBA, MCN F,, and MNC 
F, and F,,), due mainly to wounds received in fighting. In some generations 
some of the non-tumour males which died prematurely might have developed 
tumours had they lived longer. This would have raised the tumour incidence 
and would probably also have raised the mean tumour age at death in these 
instances. 

Although causes 1 and 2 cannot be completely dismissed, there is evidence 
for the fourth possibility in a comparison between the two pure strains. Thus 
in M/CBA, a strain in which the males rarely fight, there was no significant 
difference between the mean ages at death of tumour males and females, and the 
non-tumour males lived twice as long as the tumour males, while in M/NBT 
non-tumour males died at the same age as tumour males and both died earlier 


than the tumour females. 


RESULTS. 


1. The local response of two inbred strains to one subcutaneous injection of 
methylcholanthrene. 

NBT strain.—As shown in Table I, 59 females and 72 males were treated at 
the age of 2 months. Local tumours appeared in 27 females (45-8 per cent) and 
in 25 males (34-7 per cent). The difference of 11-1 per cent was not significant, 
and the incidence for both sexes was 39-7 per cent (52 tumours in 131 mice). 
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The difference of 1-2 months between the mean ages at death of tumour males 
aud females was significant, i.e., tumours reached their maximum permissible 
size earlier in the males. 

The difference of 4 months between the mean ages at death of non-tumour 
males and females was significant. The non-tumour males in this strain died 
young from various causes, the principal being fighting (17 mice), while diarrhoea 
accounted for 8. Diarrhoea was responsible for the death of a number (7) of 
young females. Other causes of death in both sexes were kidney diseases, 
pueumonia and pseudo-tubercle, and there were a few cases of neoplasms 
(leukaemia, lung adenoma, mammary carcinoma and skin papillomata). 

There was no significant difference between the ages at death of tumour and 
non-tumour males ; from this it may be concluded that more of the males might 
have developed tumours had they lived longer. The non-tumour females lived 
on an average over 3 months longer than those with tumours, and this difference 
was significant. A number of non-tumour females (8) were dead by 7 months, 
however, which was within tumour age. Therefore the incidence in females might 
have been slightly higher but for these premature deaths. 

CBA strain.—51 females and 49 males were treated (Table I). There were 
local tumours in 41 females (80-4 per cent) and in 35 males (71-4 per cent). This 
difference of 9 per cent was not significant, and the incidence for both sexes was 
76 per cent. 


TaBLE I.—Incidence of Tumours at Site of Injection and Age at Death of Mice of 
NBT and CBA Strains Receiving One Subcutaneous Injection of 1 mg. of 
Methylcholanthrene. 


Age at death (months). 


No. of mice. No. oftumours. Per cent incidence. Tumour. Non-tumour. 
Strain. Female. Male. Female. Male. Female. Male. Both. Female. o. Male. o. Female. o. Male. ao. 


M/NBT . 59 72 . 27 25 . 45°38 34:7 39:7. 8-2 7-0 
3 


1 11-5 21 
MICBA . 51 49. 41 35. 80-4 71-4 76:0. 8:6 83 3- 7-9 


8 
3 147 7:9 16-9 5-6 

The CBA mice were thus much more susceptible to the development of local 
tumours than were the NBT mice, the difference of 36-3 per cent being highly 
significant. 

The difference of 0-3 months between the mean ages at death of tumour males 
and females was not significant. 

The mean age at death of CBA tumour males did not differ significantly from 
that of NBT tumour males (difference = 1-3 months, od = 0-6608, 2 x od = 
1-3216), neither did the mean ages of the tumour females of the two strains differ 
significantly (difference = 0-34 months, od = 0-6429). 

The difference of 2-2 months between the mean ages at death of CBA non- 
tumour males and females was not significant. In this strain non-tumour mice 
lived much longer than tumour mice, thus affording full opportunity for the local 
action of the carcinogen to take effect, and the actual tumour incidences are 
probably a true indication of the susceptibility of the strain. The difference 
between ages at death of tumour and non-tumour CBA mice (7-6 months) was 
significant. 

CBA non-tumour mice lived much longer than NBT non-tumour mice, the 
difference being significant in the case of the males (9-5 months) but not in the 
case of the females (3-2 months.) 


| 
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From this comparison of the two strains, it appears that the CBA mice weve 
twice as susceptible as the NBT mice, judged by the numbers which produced 
local tumours, but that there was no difference between the strains as regari|s 
the ages at which these tumours developed to the maximum permissible sie 
(= ages at death). Further evidence is forthcoming from a comparison of tle 
first 75 mice treated in each strain, as these mice were charted regularly from tle 
second month after injection. In the NBT strain, 21 tumours appeared in the 
first 75 mice, and of these 3 were palpable at the third month and a further 3 
at the fourth month, an incidence of 14-2 per cent in each case. In the CBA strain 
there were 55 tumours in the first 75 mice, of which 18 appeared in the third 
month and a further 11 in the fourth month (32-7 per cent in the first case and 
20 per cent in the second). The difference between the strains is significan‘, 
more tumours appearing in the CBA mice in the shortest latent period. This 
result is quite the opposite of that obtained by Boyland and Warren (1937) for 
the same two strains of mice (the NBT strain was derived by selective inbreeding 
from the Simpson Strain 3, the latter being used by these authors). In an investi- 
gation into the susceptibility of five strains to the same carcinogen (methylchol- 
anthrene), Burdette and Strong (1943) found that the CBA mice were the second 
most susceptible strain, only 5-97 per cent failing to produce tumours; these 
authors also found that the survival time of tumour mice did not parallel the 
induction time, a fact which is substantiated by the present work. 


2. The local response of two reciprocal-hybrid strains to one subcutaneous injection 
of methylcholanthrene. 


a. M/CBA|/NBT strain.—Table II shows the numbers of mice treated and the 
tumour incidence in the 10 generations. Although the incidences in the sexes 
varied considerably, the difference between the sexes was not significant in any 
generation. Taking all 10 generations together, there were 338 tumours in 
538 females (62-8 per cent) and 323 tumours in 542 males (59-6 per cent); the 
difference of 3-2 per cent was not significant. 

The tumour incidence in the 10 generations varied from 28 per cent in F, to 


TaBLeE II.—IJncidence of Local Tumours and Age at Death of 10 Generations of 
Hybrid M/CBA/NBT Mice Receiving One Subcutaneous Injection of 1 mg. 
of Methylcholanthrene. 

Age at death (months). 

Strain No. of mice. No. of tumours. Per cent incidence. “Tumour. Non-tumour. Strai 
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74:8 per cent in F,. These two extremes differed from the total incidence of 
(1-2 per cent by amounts which were statistically significant. F, was a small 
generation of only 25 mice and 8 of the 10 non-tumour males were dead by 6 
n.onths ; this could account partly for the low incidence. But F, was a very 
large generation with 134 females and 120 males, there being 96 tumour females 
(71-6 per cent) and 94 tumour males (78-3 per cent), the combined incidence being 
748 per cent. Why this generation should be so susceptible is not clear at the 
moment. 

Age at death: The result of inbreeding on the survival age of injected mice 
was evident in this experiment. In Generations | to 5, 74 mice died at 21 months 
and over, the oldest at 28 months ; in Generations 6 to 10 only 3 mice (non-tumour) 
lived over the age of 17 months. Except for F,, to be discussed later, the ages at 
death in each generation were not analysed separately. Tumour females died 
at an average age of 8-6 months (0 = 3-6) and tumour males at an average age 
of 7-6 months (o = 3-0); the difference was significant. Non-tumour females 
died at an average age of 14-8 months (0 = 6-3) and non-tumour males at an 
average age of 11-9 months (o = 5-7); this difference also was significant. 
Females of both classes therefore lived longer than males. Non-tumour mice 
(males and females) lived significantly longer than the corresponding tumour mice, 
so that local tumours had every chance to show themselves. 

b. M/NBT'/CBA strain (Table III).—Each generation was analysed to find 
out whether the sexes were equally susceptible to the development of local tumours. 
With the exception of the first and third generations, the differences in each 
generation between the tumour incidences in males and females were not 
significant. In F,, more than half the non-tumour males died at ages up to 
7 months (mainly due to fighting) and the tumour incidence in the males was 
probably too low; F; was a small generation and the early death of a number 
of non-tumour males had a disproportionate influence on the result. The total 
incidences for all generations of 73-4 per cent in females (491 tumours in 669 mice) 
and 66-4 per cent in males (511 in 770 mice) differed significantly. 

When the combined incidences were tested, the low incidence in F, males 
(31 in 54 mice, 57-4 per cent) was compensated for by the high incidence in the 


TaBLE III.—IJncidence of Local Tumours and Age at Death of 10 Generations of 
Hybrid M/NBT/CBA Mice Receiving One Subcutaneous Injection of 1 mg. 


of Methylcholanthrene. 
Age at death (months). 
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F, females (44 in 51 mice, 86-3 per cent), and only the incidences for F, (59-9 
per cent and F, (79-4 per cent) did not agree with the total incidence of 69-4 
per cent (1002 tumours in 1439 mice). Separate analysis of the incidences in 
males and females in each generation confirmed the unusually high incidence 
in the F, females and showed that the incidences in the males in F;, and to a 
lesser extent F, and F,, did not agree well with the total incidence in males of 
66-4 per cent (511 tumours in 770 males). F; was a small generation of 36 males 
and many of the non-tumour males died young, while in F, half the non-tumour 
males were dead by 8 months. The incidences for these two generations of males 
were very probably too low, as some of the non-tumour mice would certainly 
have developed tumours had they lived longer. 

Although it is therefore probable that the sex-difference in incidence was due 
to a lack of full opportunity for the development of tumours in the males owing to 
a disproportionate number of the latter dying young, this cannot be presumed to 
be certain. 

A comparison of the reciprocal crosses regarding their susceptibility to local 
tumours was thus a comparison between an incidence of 62-8 per cent in the 
538 MCN females and 73-4 per cent in the 669 MNC females ; and between 59-6 
per cent in the 542 MCN males and 66-4 per cent in the 770 MNC males. The 
differences of 10-6 per cent and 6-8 per cent respectively were significant. The 
NBT/CBA hybrids were therefore significantly more susceptible than the 
CBA/NBT hybrids. 

Age at death : The MNC tumour females died at an average age of 8-4 montlis 
(o = 3-7) and tumour males at an average age of 7-5 months (o = 2-9); the 
difference of 0-9 months was significant. The non-tumour females died at an 
average age of 15-2 months (o = 6-7) and the non-tumour males at an average 
age of 12:1 months (o = 5-7). The difference of 3-1 months was significant. 
The difference in age of tumour and non-tumour mice of the same sex was also 
significant. 

When the two reciprocal crosses were compared, it was found that the ages 
at death of the 4 pairs of corresponding groups (tumour females, tumour males, 
non-tumour females, non-tumour males) were in agreement. 


3. A comparison between the F, generations of the reciprocal crosses as regards their 
susceptibility to local tumour development. 


The F, generations of two reciprocal crosses are genetically homozygous, 
therefore the F, mice should all react alike to a carcinogen if their response is 
conditioned solely by their heredity. In fact, there was a diversity of tumours 
in the non-injected mice, while of the injected groups some individuals lived for 
over 2 years without developing tumours at the site of injection. 

The local tumour incidence in MCN F, females was 57-4 per cent (27 tumours 
in 47 mice) and in males was 66-0 per cent (33 in 50 mice), a combined incidence 
of 61-8 per cent. (The difference between the sexes was not significant.) 

The incidence in MNC F, females was 86-3 per cent (44 tumours in 51 mice) 
and in males was 57-4 per cent (31 in 54 mice) the combined incidence being 
71-4 per cent. The difference of 28-9 per cent between the sexes was significant ; 
as half of the non-tumour males were dead by 7 months, the incidence was probally 
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When the y* test was applied to the combined incidences, there was no signi- 
ficant difference between them, but the incidence in the MNC F, females was 
significantly greater than that in the MCN F, females, while the incidences in the 
F, males of the two crosses showed no significant difference. 

The mean ages at death of MCN F, tumour females and tumour males were 
in agreement and the combined mean age was 9-2 months (o = 3-9). 

The mean ages at death of MCN F, non-tumour females and non-tumour males 
were also in agreement, and the combined mean age was 19-6 months (7 = 5-4). 

The difference between the combined means of tumour and non-tumour 
MCN F, mice was significant, non-tumour mice living on an average 10-5 months 
longer. 

The mean ages at death of MNC F, tumour females and tumour males were 
in agreement, and the combined mean age was 9-3 months (o = 4-7). 

The mean age at death of MNC F, non-tumour females was 23-3 months 
(o = 4-4) and of non-tumour males was 12-4 months (o = 8-7). This difference 
was significant, and appeared to be due to the number of non-tumour males 
dying young ; 14 died at less than 1 year. This is probably the reason for the 
low incidence of tumours in the F, males. 

The difference between the mean ages of tumour and non-tumour MNC F, 
females was significant, non-tumour females living 14-5 months longer, but the 
difference of 2-3 months between the mean ages of tumour and non-tumour males 
was not significant, showing that there was not a full opportunity for tumour 
susceptibility to express itself. 

Comparing the two strains, there was no significant difference between the ages 
at death of the tumour mice. Nor was there any significant difference between 
the mean ages at death of the non-tumour MCN F, mice and the non-tumour 
MNC F, females. 

From this analysis it appears that the higher incidence (by 24-5 per cent) 
of local tumours in the females of the MNC F, cross is real and not due to any 
difference in length of life. While nothing definite can be stated about the MNC 
F, males, it is believed that had the non-tumour males survived longer, a correspon- 
ding difference of susceptibility would have shown itself. 

As, of the parent strains, the CBA mice were the more susceptible the difference 
between the F, reciprocal hybrids cannot be maternal in origin and at this time 
no explanation of the phenomenon can be offered. 


4. Histology of local tumours. 

As the investigation of local tumours was not the main object of the experiment, 
no attempt was made to carry out a detailed histological examination of every 
tumour. In fact, most of the tumours produced in the early months of the work 
were examined ; these amounted to about 150, mainly in the pure strains and in 
the first 2 hybrid generations, with occasional ones later. The tumours seen were 
of the various types described by Bonser and Orr (1939); the greatest number 
were subcutaneous fibrosarcomata, of varying degrees of fibrosis ; there were a 
few pure fibromata, and many spindle and polymorphous-celled sarcomata. 
Giant cells were frequently present. Where the tumours infiltrated muscle, the 
result at times resembled a rhabdomyosarcoma. Keratinising epitheliomata 
were seen, also several mammary carcinomata in some of which sarcoma cells 
were also present ; lipomata and fibrolipomata also occurred. 
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5. Recurrence of local tumours after removal. 

When it became obvious that no progress was being made towards the establish- 
ment of lines resistant to the local action of the carcinogen, an attempt was macie 
to prolong the lives of hybrid mice which developed local tumours, by removing 
a number of these as soon as they were discovered. 

Tumours were removed from, or treated with micro-wave radiation (Englaii |, 
1950) in, 80 MCN and 153 MNC mice at ages varying from 3 to 20 mont) .. 
Survival times varied from a few days to 16-5 months, and in more than half t!.e 
cases tumours recurred in times varying from 14 days to 13-5 months after thie 
operation. In 35 cases tumour recurrences were removed or treated a second 
or even a third time, but in only half of these was there no further recurrence. 
Post-mortem findings included a large variety of neoplasms such as lung adenom., 
mammary carcinoma, non-glandular stomach papilloma, hepatoma, sarcoma 
of uterus and of bone, stomach epithelioma, etc., many of which develop in older 
animals and would not have come to light had the local tumours not been removed. 
In spite of the high percentage of recurrences after the operation therefore the 
procedure had proved to be of some value. 


SUMMARY. 

1. Two inbred strains of mice, CBA and NBT, were crossed reciprocally. 
The hybrids were inbred for 12 generations. Half of each F, litter received one 
subcutaneous injection of methylcholanthrene and the descendants of the injected 
mice for another 9 generations received similar treatment. 

2. The local reaction of the inbred strains and of their reciprocal hybrids to 
the carcinogen is reported. 

3. The CBA mice were much more susceptible to the development of local 
tumours than were the NBT mice. Tumours appeared at the site of injection 
in 76 per cent of 100 CBA mice and in 39-7 per cent of 131 NBT mice. There was 
no difference between the strains as regards the age at death of tumour mice. 

4. The 10 generations of NBT/CBA hybrids were more susceptible than the 
10 generations of reciprocal CBA/NBT mice; 73-4 per cent of 669 NBT/CBA 
females and 66-4 per cent of 770 NBT/CBA males and 62-8 per cent of 538 
CBA/NBT females and 59-6 per cent of 542 CBA/NBT males developed local 
tumours. There was no difference between the ages at death of tumour mice of 
the two hybrid strains. 

This work was carried out under a research grant from the North of England 
Council of the British Empire Cancer Campaign. Acknowledgement is gratefully 
made to Mr. H. Campbell for advice on the statistical analysis of the results. 
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THE series of changes undergone by the cell nucleus during mitosis normally 
follows a well defined pattern, which is constant for any particular type of cell. 
In cells from the higher mammals the appearance of the chromosomes as discrete 
bodies (prophase) is usually followed by the breakdown of the nuclear membrane. 
Occasionally, traces of the membrane may persist into the metaphase state. In 
the tumour described in this paper mitosis throughout all its stages normally 
takes place within a membrane. 


MATERIAL AND METHODS. 


The tumour is a rapidly growing sarcoma which is maintained by transplanta- 
tion in RITI strain mice. It originally arose as a mammary tumour and under- 
went sarcomatous transformation of the stroma to give a spindle-celled sarcoma. 
Further changes during transplantation resulted in more rapid growth, larger 
cells and further dedifferentiation. In this final state it appears to have become 
stabilised. 

In the course of examination of sections of the tumour the appearance of 
mitotic figures within a membrane was noticed. A large number of small pieces 
from specimens of the tumour were fixed by one of the following fixatives : 


Bouin’s fluid. Ripart and Petit. 
Carnoy. Susa. 

Champy’s fluid. Zenker. 

Regaud. Zenker formol. 


The pieces were then dehydrated, imbedded in wax and sectioned at 3y. 
The resulting sections have been tested with a large variety of stains and staining 
techniques. Additionally, fresh smear preparations of the living tumour cells 
have been examined by phase contrast microscopy. 


FINDINGS. 


The best preservation of the membrane was given by the use of Carnoy’s 
fluid or Bouin. With the other fixatives considerable distortion occurred although 
the persistence of the membrane itself was evident. 

Sections stained by the routine Ehrlich’s Haematoxylin and Eosin technique 
showed the membrane as a faint but distinct pink line separating the cytoplasm 
from the inner clear zone within which the chromosomes lie. With more acid 
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stains such as Erythrosin B: Phloxine and Rose Bengal a sharper demarcation 
and greater staining intensity was achieved. Other acid dyes such as Light Green 
F.S.; Fast Green F.C.F. and Wasserblau also stained well. In Giemsa preparations 
the membrane appeared as a faintly stained pink line. Feulgen staining was 
completely ineffective, whilst after iron haematoxylin the membrane lost its 
stain early in the decolorising process. The mercuric bromphenol blue staining 
technique of Mazia, Brewer and Alfert (1953) was tried and found to stain tie 
membrane feebly. This method, however, proved useful for determining t/ie 
relationship of the membrane to the spindle structure. 

Examination of a large number of preparations has allowed the following 
description to be pieced together : 

1, Resting nucleus.—Usually large with several nucleoli. The nuclear mem- 
brane is thin and has portions of chromatin material adherent to its inner surface. 
The ground cytoplasm extends right up to the nucleus and appears normal. 

2. Prophase-—The chromatin forms a tangled mass and then splits up as 
chromosomes which lie within a thin membrane which may or may not be adherent 
to the nuclear mass (Fig. 1). 

3. Metaphase.—The chromosomes line up as a plate and a spindle and centri- 
oles become apparent, the whole lying within the membrane which has now moved 
further away (Fig. 2 and 3). 

4. Anaphase.—The two blocks of chromosomes move apart, but still within 
the membrane which stretches and becomes thinner as the cell lengthens (Fig. 4). 

5. Telophase.—As the cytoplasm constricts to form two daughter cells, the 
membrane also constricts and finally, after fusion at the centre, separates into 
two complete membranes—one to each daughter cell. As the daughter nuclei 
reconstitute the membranes shrink down on them and disappear (Fig. 5 and 6). 

Like most malignant tissues this tumour shows a high incidence of abnormal 
divisions. As in the case of the normal division process these also take place 
within a membrane. One such mitotic figure showing an obvious increase in 
the chromosome number and a derangement of the metaphase plate is illustrated 
in Fig. 7. 

Examination of fresh smears of the tumour by phase contrast microscopy 
demonstrates the occurrence of this membrane within the living cell and dispels 
any possibility of its origin being that of a fixation artefact. The membrane, 
under these conditions, appears as a thin clear zone forming a sharp line of 
demarcation between the karyoplasm and the cytoplasm. Because of the 
overlying cytoplasm it is difficult to focus and photograph. 

In this particular tumour mitosis within a persistent membrane appears to 
be the standard type of division. The few instances in which the membrane 
was not readily apparent indicated, on close study, that it was present in a damaged 
form—probably as the result of injury during fixation. 


DISCUSSION. 


From the above description and illustrations it is evident that persistence of 
a membrane round the mitotic figure during cell division is characteristic of * his 
particular tumour. Examination of a large number of sections from other 
material has not shown any corresponding feature as a general characteristic 
of dividing cells of either normal or malignant tissues. One or two isolated 
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examples resembling that described have been found in other tumours, and an 
il'ustration shown by Willis (1948, p. 134) in his Pathology of Tumours closely 
resembles Fig. 3. Other than that it was taken from a section of a hepatic 
n.etastasis of a carcinoma of the tonsil no further comment or information is 
gven. It appears then that the phenomenon as described is not a completely 
isolated case but does occur occasionally in other material, but not with the 
regularity shown in this instance. 

The origin and significance of this membrane are rather obscure. It would 
not appear to be a fixation artefact since it can be determined by phase contrast 
microscopy in living cells. Further, the fact that such a wide variety of fixatives 
will preserve it is against such a view. Two other possibilities remain: that it 
is persistence of the true nuclear membrane, or that, within these cells, a new 
membrane arises during mitosis and disappears when this process is completed. 

Evidence exists for the double nature of the nuclear membrane (Sharp, 1934, 
p. 53; Ludford and Smiles, 1950a, 19505). If this is true then it would be 
ex pected that the outer continuous layer could be persistent. This layer, however, 
does not exhibit staining reactions consistent with those found for the membrane 
described. It also appears unlikely that the thin nuclear membrane of the resting 
nucleus could stretch and swell to such an extent as to give the well-defined 
structure of the grossly enlarged cell in the later stages of division. If the 
membrane described is the true nuclear membrane it follows that dedifferentia- 
tion of this tumour has proceeded to the stage of reversion to the most primitive 
type of division—vide Wilson (1925, p. 213)—where the division centres and 
spindle are intranuclear in origin and the whole division occurs within a persistent 
nuclear membrane. On the basis of the evidence available it seems unlikely 
that such an event has taken place, and if so, takes no cognisance of the fact that 
sinilar appearances do occur irregularly in other tumours. 

Although no evidence can be adduced to show that this membrane arises 
de novo within each dividing cell it is possible to offer a fairly plausible explanation 
of its appearance in this fashion. It has been demonstrated by Chambers and 
Ludford (1932) that the cytoplasm of malignant cells has a pH value lying between 
6-4 and 7-0 whilst the intranuclear pH is in excess of 7-2. Under these conditions 
the normal breakdown of the true nuclear membrane early in the division process 
would allow a diffusion of an alkaline medium into a more acid one. Under 
such conditions a gradient of pH would occur. It is suggested that at some point 
on this gradient the isoelectric point of neighbouring cytoplasmic structural 
protein is reached. This would involve the localised precipitation of protein and 
the ensuing membrane appearance. If such an event does occur it suggests that 
intracytoplasmic disturbance during mitosis is minimal, otherwise one would 
expect distortion and breakage of the membrane. 

A mechanism of origin as suggested above would account for the isolated 
ex: mples of similar appearances in other tumours. Whether such a membrane 
has any significance in respect of the biological behaviour of this tumour cannot 
be letermined. 


SUMMARY. 


A transplantable mouse tumour in which cell division regularly takes place 
wi hin a persistent membrane is described. The possible origin of this membrane 
is discussed. 


G. CALCUTT AND R. A. YETTS 
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DESCRIPTION OF PLATES 

Fic. 1.—Prophase showing membrane at side. Fixed Carnoy, stained Iron Haematoxylin 
and Rose Bengal. 

Fic. 2.—Metaphase plate—side view. Spindle and centrioles lying within membrane. Fixed 
Bouin, stained Iron Haematoxylin and Rose Bengal. 

Fic. 3.—Metaphase—surface view. Fixed Bouin, stained Iron Haematoxylin and Rose Bengal. 

Fie. 4.—Anaphase. Fixed Carnoy, stained Iron Haematoxylin and Erythrosin B. 

Fic. 5.—Early telophase. Fixed Carnoy, stained Iron Haematoxylin and Fast Green F.C.F. 

Fic. 6.—Late telophase—membrane has formed two distinct rings. Fixed Bouin, stained Iron 
Haematoxylin and Rose Bengal. 

Fic. 7.—Abnormal division. Fixed Bouin, stained Iron Haematoxylin and Erythrosin B. 
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As soon as it became apparent that tumours could be induced by the action 
of pure chemical substances, attention was directed to the biological activity of 
these compounds in other fields. The greater part of this work was directed to 
the polycyclic hydrocarbons, and it soon appeared that, in addition to carcino- 
genic activity, certain members of this group could also act as oestrogens, photo- 
sensitisers, evocators and mitotic poisons, besides having pronounced effects on 
metabolic processes in general. That such a multiplicity of biological effects can 
be elicited by such structurally simple agents as polycyclic hydrocarbons is sur- 
prising. Information as to the mechanisms of action in all cases is very scanty 
and no connecting link between the different effects has ever been demonstrated. 

It was demonstrated by Mottram and Doniach (1938) and again by Doniach 
(1939) that among the polycyclic hydrocarbons there is a considerable similarity 
between carcinogenic and photosensitising activities. Although many other 
chemical carcinogens are known there are no records of their being tested as 
photosensitisers. So, for a limited number of compounds this has been under- 


taken, particularly with consideration as to whether any determined activity in 
this field is comparable to that in the way of carcinogenic action. 


MATERIALS AND METHODS. 


The experimental work was done with thick cultures of Paramecium bursaria 
as the biological indicator. Irradiation was from a mercury vapour lamp screened 
with a glass filter opaque to radiations of less than 3300 A. All experimental 
procedures were undertaken in a darkened room ; examinations of the cultures 
being done with the aid of a dull light screened by a Wratten II A filter. 
Exposures of the Paramecia to irradiation were done in small flat watch glasses, 
each containing 5'c.c. of mixed culture and test solution. The end-point in each 
case was taken as the time for an estimated 90 per cent of the Paramecia to 
be rendered motionless. 

Compounds to be tested were used as solutions or suspensions in tap water. 
These latter were prepared by dropping an acetone solution of the substance 
concerned into tap water and then removing the acetone with a vacuum pump. 
All solutions and suspensions were tested for toxicity, concentrations which caused 
no visible effect on the Paramecia after 2 hours’ contact in the dark being accepted 
fur further experiments. 

The compounds tested can be considered together in groups as below :— 

Agents causing liver tumours: acetylaminofluorene, p-dimethylaminoazo- 
benzene, chloroform and carbon tetrachloride. 
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Oestrogens : oestrone and diethystilboestrol. 
A group of arsenicals chosen in view of Neubauer’s (1947) implication of arseni- 
cals as carcinogenic agents. 

Three unrelated compounds: nitrogen mustard (shown to be carcinogenic 
by Boyland and Horning, 1949), urethane (shown to be carcinogenic by Jaffe, 
1947) and light green F.S. (shown to be carcinogenic by Harris, 1947). 


RESULTS. 


In all cases it was found that exposure of Paramecia in a. medium containing 
an appropriate non-toxic concentration of the agent under test, to the filterec 
ultraviolet irradiation resulted in the death of the cells. 

Detailed results are given in Table I. For comparison the results obtaine« 
under similar conditions with a suspension of 3 : 4 benzpyrene have been included. 


TaBLE I.—Photosensitising Activity of Chemical Carcinogens. 


Concentration in final medium. 


es 
Chloroform — — T — 8 12 
Methylarsonic acid . = 
Sodium cacodylate . 9 —- — 
Diethylarsonic acid — gene — 
Allylarsonic acid. T T T 3 44 — — ~- 
Cyclohexylaminopropylarsonic acid HCL . T — 56 — 
T = Concentrations proving lethal to Paramecia within 2 hours’ contact in the dark. Numbers 


represent duration of exposure in minutes to filtered ultraviolet radiation required to cause death 
of 90 per cent of the cultures. 


With the exception of the oestrogens none of the agents tested compare in 
effectiveness with 3:4 benzpyrene. Comparisons among the compounds tested 
suggest a certain degree of correlation with carcinogenicity. The agents causing 
liver tumours are far more active, both as carcinogens and as photosensitisers 
than arsenicals. The position of the oestrogens is anomalous, since they are 
only feeble carcinogens but appear as active photosensitisers. 


DISCUSSION. 


The results show that the combination of a non-toxic concentration of a 
carcinogen and non-lethal irradiation are quickly lethal to Paramecia. Whether 
the effects achieved are a true photodynamic response as occurs with fluorescein 
and other dye stuffs, or are a consequence of intracellular action by the radiation 
leading to increased susceptibility to a toxic agent, as Calcutt (1950) has shown to 
occur in the case of certain -SH inhibitors, must remain in doubt. More important 
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is the question as to whether these findings have any connection with the problem 
o! carcinogenesis. 

The effects obtained are not merely the additive actions of two carcinogenic 
asents carried to the point of causing such intracellular damage as to prove lethal, 
s ace the wave lengths active in inducing carcinogenesis were shown by Rusch, 
|\line and Baumann (1941) to be below 3200 A. On the other hand, it appears 
possible that the radiation has brought about such an intracellular change that 
tie chemical carcinogen is now able to attack a much greater amount of sub- 
sirate than is normally the case. Thus complete disruption of the intracellular 
functioning and death occurs, rather than a partial disruption which manifests 
itself as the carcinogenic change. Certain evidence supporting such a view exists 
i: the literature. Calcutt (1950) showed that irradiation with wave-lengths 
gieater than 3300 A increased the availability of intracellular —SH groups. Such 
tieatment prior to the addition of a photosensitising agent was shown by Calcutt 
(1951) to enhance the photodynamic response. The exposure of intracellular 
-SH caused by a pH shift to the acid side is also known to facilitate photo- 
dynamic action (Blum, 1941, p. 89). Conversely, Calcutt and Newhouse (1948) 
found that photodynamic effectiveness is reduced when intracellular -SH is 
protected by the addition of cysteine to the medium. Alongside this evidence 
iniplicating -SH groups in photodynamic action must be placed the large body 
ot evidence, reviewed by Brues and Barron (1951), showing that chemical car- 
cinogenesis is intimately involved with -SH groups. 

It appears quite possible that the photosensitising action and the carcinogenic 
activity of certain chemicals may have a common factor in the substrate attacked. 
If this is so, it would be expected that light in the longer wave-bands could enhance 
chemical carcinogenic activity. Experiments designed to test this point have 
given equivocal results. An acceleration of carcinogenic action with tar or 
benzpyrene was found by Vles, DeCoulon and Ugo (1931, 1935) and by Maisin 
and DeJongh (1934), whilst Doniach and Mottram (1940) and Morton, Luce- 
Clausen and Mahoney (1940, 1942) found a reduced incidence using benzpyrene. 
Seelig and Cooper (1933) could find no effect of light on tumour induction with 
tar. In the case of arsenicals, clinical experience is that skin lesions arising after 
use of arsenic occur more frequently upon the exposed portions of the body such 
as the hand, arm, face and scalp. This suggests that the role of illumination in 
the aetiology of arsenical skin lesions may be worth investigating 

So far no consideration has been given to the fact that there are many potent 
photosensitising agents which do not appear to be carcinogenic, whether they 
would prove to be carcinogens if tested under more suitable conditions is doubtful, 
but it is interesting that Bungeler (1937) has claimed skin tumours in mice by 
treatment with eosin and haematoporphyrin in visible light. Another possibility 
is that the carcinogenic agents show a selective affinity for certain reactive sub- 
strate groups whilst the other agents act indiscriminately. In any event, it may 
be said in conclusion that any further evidence as to the intracellular action of 
photosensitising agents would greatly assist in solving the problems concerned 
with the cellular changes brought about by chemical carcinogens. 


SUMMARY. 
1, Four agents which induce liver tumours, two oestrogens and seven arsenicals 

heve been tested for photosensitising activity. 
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2. All have been found active, with some indications of activity parallelling 
their carcinogenicity. 

3. The relationship between photosensitising and carcinogenic activity ha« 
been discussed. 


The author is indebted to Dr. R. J. Ludford for samples of some of th: 
arsenicals used in this work. 
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SURVEY OF PAPERS. 


ARMITAGE and Dott have tested the theory that human cancer is the end-result of several 
- .ecessive cellular changes by examining the age specific mortality rates for 17 types of cancer. 
‘hey find that the rates for cancer of those sites which are independent of hormonal control 
and for which no changing environmental factors have been suspected accord with the theory. 
‘The mortality rates for other sites accord with the theory if it is postulated that the carcino- 
genie factors responsible have varied in strength. They give a formula which can be used 
to weight the strengths of the carcinogenic factors at different periods (p. 1). 


KREYBERG has investigated the smoking habits of various groups of Norwegians, and 
their relation to age, sex, occupation and place of residence, for comparison with the tobacco 
smoking habits of lung cancer patients. The changes in the consumption of tobacco in 
iis various forms in Norway during recent years have also been investigated (p. 13). 


KorTEWEG explains the reduced number of lung cancer deaths in the Netherlands for 
the years at the end of the last war as due to inaccuracies in notifying and recording the 
causes of death about that time (p. 34). 


BLACKLOcK, KENNAWAY, Lewis and Urqunart have estimated the amount of carbon 
in the lungs of 50 persons, most of them from London hospitals. The amount found has 
been correlated with such things as sex, smoking habits, residence in large towns and presence 
or absence of bronchial carcinoma. The histological distribution and abundance of carbon 
particles have also been compared with the results of the chemical analyses (p. 40). 


Davies and Wynne GRIFFITH have studied the fatal cases of cancer occurring in Anglesey 
during ten years, with respect to the soil at the home of each deceased person, the domestic 
water supply, the social class or group, and the geology of the soil parent material. They 
have found both cancer of the stomach and of the breast to be associated with a group of 
soil series (p. 56). 


PHILPs gives an account of the various cells to be seen in films of sputum and discusses 
their significance in the diagnosis of malignancy (p. 67). 


SmirH and WHITFIELD give an account of a case of purpura due to blood-borne carcinoma 
emboli some years after radical mastectomy for cancer (p. 97). 


Mirra and Dz have studied biopsies from cases of carcinoma of the cervix before, during 
and after radiotherapy. They found a definite increase of differentiating cells after irradia- 
tion but were unable to distinguish radio-resistant and radio-sensitive tumours from a study 
of the distribution of cell classes (p. 107). 


LuprForD has made a comparative study of the nuclei of a wide range of tumours. He 
has examined living cells by phase-contrast and ultra-violet microscopy, and sections and 
tissue cultures of tumours after fixation and staining by various histological and cytochemical 
techniques. His conception of nuclear structure and functioning gained from this study 
conflicts with views generally held (p. 112). 


Batuer describes the establishment and features of an ascites variant of the Rous No. 1 
sarcoma (p. 132). 


(i) 


* 


Harris, MALMGREN and Sytvén have confirmed by extraction experiments that Rovs 
No. 1 fowl sarcoma tissue is rich in hyaluronate. In addition, they have demonstrated a 
small amount of another sulphur-bearing polysaccharide, believed to be heparin. Thess 
polysaccharides are thought to be located in the ground substance (p. 141). 


Peacock and Peacock describe the production of epithelial tumours, often in the kidney, 
following the repeated introduction of 2-acetylaminofluorene into the lumen of the crop of 
white Leghorn cockerels (p. 147). 


BretscHowsky describes three acidophilic pituitary tumours in rats. One occurred in 
an ovariectomised rat, the second in an intact female joined in parabiosis to a spayed partner 
and the third in a female treated with stilboestrol (p. 154). 


PULLINGER has grafted a number of benign spontaneous mammary growths occurring i.1 
RIIIb mice into young unmated or breeding females of the same strain free of milk factor. 
None of the grafts progressed to malignant growth (p. 161). 


MILLER and PyBus give an account of the local reactions to a single subcutaneous injec- 
tion of methylcholanthrene in two inbred strains of mice and the hybrids resulting from 
crossing them reciprocally and further inbreeding for several generations (p. 163). 


Catcutt and YETTs give an account of a transplantable mouse tumour in which mitosis 
regularly takes place within a membrane (p. 173). 


Catcutrt has investigated the photosensitising activity of a series of chemical carcinogens, 
oestrogens and arsenicals. He found that exposure of Paramecia in a medium containing a 
non-toxie concentration of the agent under test to filtered ultra-violet irradiation resulte:| 
in death of the cells in every case, there being some indication that the activity of the agents 
paralleled their carcinogenicity. The relationship of photosensitising and carcinogenic 
activity are discussed (p. 177). 
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